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THE BDM CORPORATION

FOREWORD

This Appendix is a compilation of patents that deal with liquid (or

fluid) propellant gun hardware, including complete gun designs, valving,

pumping and sealing components, and ignition devices. No claim is made on

the utility of any of the devices described herein, and this volume is

intended for reference purposes only.

Two research groups have made substantial contributions in recent

years to the patent literature on LP guns -- GE and Pulsepower Systems.

These patents are arranged separately from the remainder.
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United States Patent [l9J (I 3,763,739
Tassie 1451 Oct. 9, 1973

(541 HIGH RATE OF FLOW PORT FOR SPOOL 3.046,737 7/1962 Otesd ..... .................... 89/7
VALVES 3,455,202 711969 Dilon et al. ................. 89/7

[751 Inventor: Douglas Pray Tassle, St. George, Vt. Primary Examiner-Samuel W. Engle

173 1 Assignee: (;cnerl Electric Company, Burling- Attorney-Bailin L. Kuch, Irving M. Freedman, Harry
ton. Vt. C. Burgess. Frank L Neuhauser. Oscar B. Waddell

and Joseph B. Forman
[221 Filed: June 1, 1971

[211 Appi. No.: 148,833 [57) ABSTRACT

1 . . A feature of this invention is a spool valve which has a
[521 US. CL ....................... 89/7, 89/1 R. 137/625.3 spool with an O-ring seal, said seal having a given Ion-
[51 I nt. C ................................................ F41f 1/04 gitudinal dimensior, the spool operating in a bore in a
[581 Field of Search .................... 89/7, 8; 1371625.3 housing to open and close a port opening into said

bore, said port formed of a piurality of apertures, each
[561 References Cited aperture having a diameter, parallel to the longitudinal

UNITED STATES PATENTS axis of said 0-ring, which is smaller than said given

2,483.719 10/1949 Anderson ..................... 137/625.3 X longitudinal dimension of said seal.
3.207.270 9/1965 Ellis. Jr ....................... 137/625.3 X 2 Claims, 5 Drawing Figures
3,011.451 12/961 Griffi ................ .89/7 X
3.138.990 611964 Jukes et al ........... . 89/7
2,981.153 411961 Wilson. Jr. et al .......... ........ 9/7
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4ri 13,763,739

HIGH RATE OF FLOW PORT FOR SPOOL VALVES 0-ring seal 20 and a rifling band 22, and to provide a
comhustion chamber 24. The receiver inc!udes a bolt

F"lACKGROUND OF THE INVENTION body 30 having a bolt head 32 having a central bore in
1. Field of the Invention which an electrode 34 is fixed in a dielectric sleeve 36.
This invention relates to high rate of flow, rapid actu- S An L-seal 38 is provided at the extreme forward end as

ation valves, such as spool valves, and is particularly a high pressure firing seal, and an O-ring 40 is provided
adapted for high rate of fire. liquid propellant guns. aft of the L-seal as a low-pressure back up seal against
The invention herein described was made in the course fluid leakage during propellant injection. The bolt has

3 of or under a contract or subcontract thereunder with a transversely projecting roller 42 which rides in a car.
the Department of the Navy. 10 slot 44 in a cam 46, drven by a motor 47.

2. Pnor Art The receiver includes two additional longitudinal
Low rate cf fire, licuid propellant or initiant guns are bores 48 and 50 in which two pistons 52 and 54 respec-

di.closed in U.S. Pat. No. 3,455,202 issued July 15, tively slide. The two pistons are coupled aft by a yoke
1969 to Dixon et a!.. utilizing a quasi-spool valve; and 56 which has a transversely projecting roller 58 which

U.S. Pat. No. 3,537,352 issued Nov. 3, 1970 to R. W. 15 rides in a cam slot 60 in the cam 46.
Joyce, utilizing a ball valve. Two spools 62 and 64 respectively slide in the for-

S R T I Tward portions of the bores 48 and SO. The spools are
respectively fixed to rods 66 and 68 which are coupled

To achieve a high rate of fire in a liquid propellant aft by a yoke 70 which has a transversdy procjcting
pun, the propellant must be injected into the combus- 20 roller 72 vhich rides in a cam slot 74 in the cam 46.
;ion chamber in a short interval of time. This requires Each rod is journaled through a bore 76 in the piston
high rate of flow of the propellant through the valve and a bore 78 in the receiver. Each spool has a forward
controlling the combustion chamber, and a rapid on/off O-ring seal 79A and an aft O-ring seal 79B.
actuation of the valve. A high rate of flow. at a given Two propellant reservoirs g0, 82 are pressurized by

* I. :pressure, requires a large cross-section of conduit. 25 suitable supplies of zas and are .espectivelycoupled by
Spool valves are conventionally utilized to pro-'ide conduits 54, 96 to Le bores 48, 50.

* rapid ac:uation. An cificient form of the conventional Two ports 88, 90 are povided respectively between -

spoo: valve utilizes O-ring seals. O-ring seals are rapidly the bore 48 and the .ombustion chamber 24 and the
damaged when they are passed over an opening which bore S0 and the combustion chamber. Each port con-
is larger than the longitudinai dimension, i.e., width, of 30 sists of a plurality of bores 92. each bore having a diam-
the seal. eter which is smaller than the longitudinal width of the

Accordingly. it is an object of this invention to pro- O-ring seal 79A. 793. Thus the annulus around each
vide a spool valve with a port which provides adequate bore supports the seal as the seal moves over the bore.

* support for the seal while permitting a high rate of ilow. The total crosw-sectinal area of each port as, 90 is
An additional object of this invention is to provide a 3 equal to the sum of the cross-sectional areas of the

spool va!ve with a port which controls the rise and fall component bores 92. The pattern of holes may be ar-
characteristics of te pulse envelore of the fluid flow. ranged to proviJe either a steep or %haliow a rise and

A feature of this invention is a spool valve having a fall of the fluid pulse envelope as is desired. For exam-
spool with a- O-ring seal, said seal having a given longi- pit, if it is desired to nave as steep a rise as possible, the

... tudinal dirnension, the spool operating in a boe in a 40 number of bores in the first rows of bores which are un-
housing to open and close a port opening into said covered b! the spool is made as large as possible, but

* bore, said port formed of a plurality of apertures, each if it is desired to have a shallow fall, the number of
aperture having a diarneter, parallel to the longi:udinal bores in the last rows of bores which are covered by theaxis of said O-ring, which is sr-allet than said given Ion- spool iV progressively made smaller.

gitudinal Jim-nension of said seal. The timing of the gun is ilhustrated in FIG. S.
It is contemplated that the inventive concepts herein-

SBRIEF DESCRIPTION OF T HE D5RAWING above described may be variously otherwise embodied

These and other objects, advantages and features of and combined without departing from the inventive
4 the in;ertinn will be apparent from the following speci- principles invoived and intended to be covered by the

fication thereof taken in c,3njunction with the accom- appended claims, except insofar as limited by dhe prior
panying drawings in which: at.

FIG. I is a partial view, in cross-section, taken on a What is claimed is:
longitudinal plane, through a liquid propellant gun in- 1. A gun comprising:
corporating a spool valve embodying this invention; a conduit for passing a fluid;
F!G. 2 is a tr.nsverse view, in partial crcss-section. a valve coupled to said conduit for controlling the

taken along the plane Il-Il of FIG. 1; passage of the P.uid therethrough;
FIG. 3 is a detail view, in cross-section, taken along said valve including:

the plane Ill-Il1 of FIG. 2; a valve chamber having a surface having a port
FIG. 4 is a schematic of the gun of FIG. 1; and 60 means for fluid therein,
FIG. S is a timing diagram of the operation of the gun a valve spool having a ring type seal abuting ,aid

of FIG. 4. surface for cloing and for exposing said port
means, said valve spool disposed for movementD ESCRIlPTION OF TFAE PREFERRED aoga xs

* . -EMBODIMENT 
along an axs.,

65 said ring type seal haviag a cross-section diameter
The gun includes a receiver 10, in which is fixed a parallel to said

barrel 12 having a bore 14. The aft end of the bore is said port means comprising a plurality of aperture,
chambered at 16 to receive a projectile 18 having an each hving a respective diameter pa.allel to said

* !

1'



3,763,739
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axis which is sr.aller than said crosc section di- surface for closing and for exposing said port
ameter of said ring type seal, means, said valve spool disposed for movement

said plurality of apertures being arranged in a pat- along an axis,
:ern of acceleration of cross-sectional port area said ring type seal having a cross-section diameter
such that as .,tid valve spool moves at a corstant s parallel to said axis,

LI velocity to open said port, an increasing cross- said port means comprising a plurality of apertures,
scctional po: area is exposed per unit time. each having a respective diameter parallel to said

2. A gun comprising: axis which is smaller than said cross-section di-
a conduit for passing a fluid; ameter of said ring type seal,
a valve coupled to said conduit for controlling the 10 said plurality of apertures being arranged in a pat-

passage of the fluid therethrough. tern of deceleration of cross-sectional port area
said valve including: such that as said valve spool moves at a constant

a valve chamber having a surface having a port velocity to close said port, a decreasing cross-
a means for fluid therein, sectional port area is closed per unit time.

a valve spool having a ring type seal abuting said 15 * S S *
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United States Patent i'gi [II 3,782,241
Ashley [451 Jan.-1, 1974.

(51ZERO ULLAGE INJECTION VALVE tS34O 2/1932 VoSlis ................. O9
1751 Inventor: Eugene Ashley, Burlington. Vt. 30! t145 411961 --fl ------9/ Xg

[731 Assignee: General Electric Company, 3.202,055 8/1965 .........38917
Burlington, Vt.

(221 Filed: Oct. 28, 1971 Primary Examiner-Samuel W. Engle
[21 ApI. a.:193351Attorney-Bailin L Kuch et al.

1521 US. CI ............................ 89/7, 137/509 [571 ABSTRACT
(511 Int. Cl.................................... F4Ij 1/04
1581 Field of Search ................... 89/7; 137/509; A valve has a ccnical passageway which is obturated

417/1 by a conical spool. The spool is preloaded closed by
Citedspring means, and is operated by the hydraulic pres-

1561 References Ctdence of the liquid flowing through the passageway.
UNITED STATES PATENTS

-2,947.221 31/-1960 Griffin et a]l ..................... 89t7 6 Claims, 3 Drawing Figures
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ZERO ULLAGE INJECTION VALVE cludes a conical portion 33 which fits in a mating coni-

BU Ocal bore 34 extending from an opening 35 in the side
PAC1KGROUND CF THE INVENTION wall of the chamber 14 to the bore 26, and whose for-

I. Field of the Invention ward end termintes in a truncated face 36 and whose
This inventon relates to high rate of flow, rapid actu- 5 aft end 38 is cylirdrical to ma't. with and slide in the

L. ation valves. a±nd is particularly adapted to high rate of bore 40 of the sleeve 22. Suitab.e ring seals 42, 44 and
fire, liquid propellant guns. 46 are also provided. A helical compression spring 48,

2. Prior Art captured between and within the sleeve and the spool,
Low rate of fire. liquid propellznt or initiant guns are biases the spool forwardly from the sleeve to obturate

disclosed in U.S. Pat. No. 3,455,202, issued July 15, 10 the conical bore 34.
1969 to Dixon et al., utilii'ng a quasi-spool valve; and The liquid propellant gun shown in FIGS. 2 and 3 in-
U.S. PaL No. 3,537,332, is ued Nov. 3, 1970 to R.W. cludes a stationary receiver 50 having four gun barrels
Joyce, utilizing a ball valve. A liquid propellant gun 52 with respective firing chambers 54. Two prorellant
having a high rate of flow spool valve is disclosed in liquids are supplied to each firing chamber by two re-
U.S. Patent aFplication Se:. No. 148,833, filed Jure 1, 15 spective iniection cylinders 12. Each cylinder 12 in-

1971 by D.P. Tassie cludes a hollow spool 56 fixed to a rod 58 which is jour-
nailed through a piston 60. An inlet port 62 is coupled

SUMMARY OF THE INVENTION to a source of liquid, and the end of the cylinder opens
In the prior art liqui i propellant guns, the passage- on the respective conical spool injection valve.

ways to the chamber fo: liquid propellants trap some of 20 Projectiles are fed by a feeder sprocket 64 to a hand
these liquids, which ;ihn cannot be utilized in the com- off sprocket 66 into a feed ring 68 and then by a scoop
bustion process, and which drain away between shots, ring 20 to a respective chamber 54. A bolt 72 having
producing enclosed v ,lumes containing ambient atmo- a firing electrode 74 is reciprocable aft of the chamber.
sphere. The next time the chamber is filled with liquid, The respective bolts, spools and pistons may all be cam
the trapped atmosphere is forced ivto the chamber. It 25 co.itrolled.
is known that decreasing the size of a passageway de- A cycle of operation may be considered to start after

0 1 creases the ul'age that it causes; however, decreasing a projectile has been fired from a gun barrel, as seen in
the d:i4r.eter o a passageway also decreases the rate of FIG. 3. The bolt 72 unlocks and moves aft, uncoverirg
liquid nlow theretnrough. the opening 36. The hollow spool 56 moves aft, uncov-

The obiect of this invention is to provide an injection 30 ering the inlet port 62. The piston 60 moves aft, suck-
valve which does not introduce any ullage, yet which ing liquid into the cylinder through the inlet port 62
permits the use of a relatively large diameter passage- and the hollow spool 56, while 'e spring 48 holds the
way. conical spool 32 of the injection valve closed. The hol-

A feature of this invention is the provision of a valve low spool 56 moves forward, covering the inlet port 62.
having a conical passageway which is obturated by a 35 A projectile is fed "y the scoop into alignment with the
conical spool. The spool is preloaded closed by spring firing chamber forward of the bolt 72. The bolt moves
means: and is operated by the hydraulic pressure of the forward to the inject position whereat the ring seal 74
liquid flowing through the passageway. of the projectile is forward of the opening 36 and the

bolt is aft of the opening. The piston moves forward in
BRIEF DESCRIPTION OF TKE DRAWING 40 tne injection stroke, developing relative hydraulic pres-

These and other objects, advantages and features of sure which bears against the conical spool 32 to over-
the invr.tion will be apparent fr, the following speci- come the bias of the spring 48 to open the injection
f'cation thereof taken in conjunction with the accom- valve. Liquid propellant flows through the valve into
panyi.g drawing in which: the chamber, pushing the projectile fo)rward. The pis-

FIG. I is a lngitudinal cross-sectional view of a coni- 45 ton halts in its forward position, the relative ?'ydraulic
cal spool injection valve embodying tltis invention; pressure falls off as the p-ojectile moves forward, the

FIG. 2 is a transverse cross-sectional view of a battery spring 48 closes the inject:on valve. The bolt is moved
type gun embodying the valve of FIG. I taken along forward to its locked position whereat it covers the
plane 1-11 of Fid. 3;, and so opening 35, protecting the injection valve from firing

SFll 3 is a longitudinal cross-sectional detail view gas pressure and seating the projectile rotating band -

taken along plane Ill-l1! of FiG. 2. into the rifling of barrel. The propellant is ignited and
the projectile is fired.

DESCRIPTION OF THE INVENTION It will be appreciated that the opening 3S into the
As see' in FIG. 1, the conical spool injection valve inner face of the cylinder 54 is concave and the bolt

10 intercouples a supply volume 12 of liquid with a uti- wall is convex-cyli6drical, and not flat as the smaller
lization volume 14, all shown disposed in a block 16. In end face 35 has been descrbad. Ideally, the end face
the embodiment of a gun utilizing liquid propellants - of the spool may be made concave-cylindrical to mate
shown in FIGS. 2 and 3, the supply volume is an injec- with the opening and the bolt, and means provided to
tion cylinder 12, maad the utilization volume is a firing 6 prevent rotation of the spool (e.g., a square post fixed
chamber 54, both of which have parallel longitudinal to the sleeve and joumali in a square blind bore ia
axes. The longitudinal axis of the valve is perpendicular said spool.) Practically. the end face of the spool may
to the axes of the chambers, being diametfal to the fir- be made flat and tangential to the cylinder 54, and the
ing chamber, and eccentric to the injection cylinder, resulting ullage will be insignifizant.
The valve includes a cylindrical sleeve 22 closed at its 65 While there has been shown and described a pre-
aft end by a transverse wall 24 having an air vent 25 ferred embodiment of this invention, it will be appreci-
and held in a mating cylindrical bore 26 by a forward ated that the invention may be embodied otherwise

: bore shoulder 28 and an aft C-clip 30. A spool 32 in- than as herein specifically illustrated or described, and
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that certain changes in the form and arrangement of aligned with and extending from and having a di-
parts and in the specific manner of practicing the in- ameter larger than the larger cross-section end of
vention may be made without departing from the un- said conical bore; and
derlying idea or principles of this invention within the a cylindrical plug disposed in said cylindrical bore
scope of the appended claims. 5 and having a cylindrical blind bore therein for re-

What is calimed is: ceiving said spool when it is displaced against said
1 I I. A gun comprising: bias of said spring means.
a gun barrel having a prpellant combustion chain- 3. A gun according to claim 2 further including: : bet;
a - ;y an additional cylindrical blind bore in said spool;
a cylinder having an interior bore; 10 said spring means being a helical compression spring
a valve body; and disposed in part in said blind bore of said plug
a truncate'$ conical bore in said body having and in part in said blind bore of said spool.

an opeza..ag in its sidewall interfacing said interior 4. A gun according to claim 1 further including:
bore of saiD cylinder, and

its snw.ller cross-section opening into the int*' a source of fluid propellant coupled to said bore ofitssw~lercros-sctin oerig ito he ntesaid cylinder
sidewall surface of said chamber; ad cylinder

a truncated conical spool disposed for longitudinal a piston disposed in said bore of said cylinder for
reciprocation in said conical bore and having pumping fluid propellant against said conical spool
its smaller cross-section face substantially congru- for displacing said conical spool against said bias of

cnt to said sma~ller cross-section opening of said 20 said spring means and thereby passing fluid propel-
r conical bore and substantially forming a portion lant into said conical bore and thence into said

of -aid interior surface of said chamber; chamber.
spring n.eans normally biasing said spool to dispose S. A gun according to claim I further including:

its saie smaller face into said smaller opening of means disposed in said gun barrel for varying the vol-
said conical bore to thereby obturate said conical 25 ume of said chamber.
bore, with said smaler face being flush with said 6. A gun according to claim 5 wherein:
interior sidewall surface of said chamber, thereby said means for varying the volume of said chamber

-"providing said sidewall surface with a uniform sur- includes
face, free of lacunae. a projectile and

,2. A gun according to claim I further including: 30 a gun bolt.

a cylindrical bore in said valve body longitudinally
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United States Patent igj 1ll) 3,783,737
Ashley [451 Jan. 8, 1974

(541 SEAL 1,376.130 4/1921 Asbury .................................... 89/26
, ! 539.733 5/1895 Gerdom .................................. ?9/26[751 Inventor: Eugene Ashley, Burlington, Vt. 3.006254 10/1961 Thierry ................................... 89/26

[731 Assignee: General Electric Company.

Burlington, VL FOREIGN PATENTS OR APPLICATIONS

(2] Filed: Feb4 1972 1.096.697 1/1961 Germany .... 277/212 Cn 121] Fild eb. , 197--
[211 App. No.: 223643 Primary Caminer-Stephen C. Bentley

[521 U.S. CL ........................ 89/7, 89/26. 277/212 C Aitoney-Bailin L. Kuch et al.

[511 Int. CL .............................. F41f
1581 Field of Search ............................. s97 26; 1571 ABSTRACT

102/DIG. I; 285/I 10; 92/240. 245, 246; 5
277/212 C. 236 A liquid propellant gun is provided with a seal and a

multi diametered chamber which centripetally deflects
m [ 561 References Cied the seal to generate a preseating force thereon.

UNITED STATES PATENTS
2.117.895 5/1938 Hasck ................ .... 89/26 3 Claims, 4 Drawing Figures
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1 2
SEAL conventional seals is that the small initial leakage

causes heating and erosion of the seal, and often allows
BACKGROUND OF THE INVENTION foreign particles to enter the gap and to interfere with

I. Field of the Invention the seating of the seal.
This invention relates to a centripetally preloaded. s The combination of the seal and the firing chamber

annular seal for combustion apparatus, especially shown in FIGS. 2 and 3 provides a full seating of the
adapted to use in a liquid propellant gun. The invenltion seal with both the chamber and the gun bolt before fir-
herein described was made in the course of or under a ing.
contract or subcontract thereunder with the Depart- Ihe seal 20 is shown in its free state in FIG. 2, and
ment of the Navy. 10 is transversely annular, with a substantially triangular

2. Prior-Ar longitudinal crois-secti;n. The eaa' outer annularsur-
U Annular breech seals are shown in U.S. Pat. Nos. face 22 has a small positive taper forward the front.

3,114.290; 3,354,780; and 3,403,596, suitable for con- shown as angle PT, its aft transverse surface 24 may be
ventional guns firing caseless ammunition. A liquid slightly conical internally, shown as angle NT, and its
propellant gun which is well adapted to utilie the seal 15 hypotenuse may be concave. If the seal is subjected to
of the present invention is shown in U.S. Pat. applica- an annular, centripetal force on its forward edge annu-
tion Ser. No. 148,833, filed June 1. 1971 by D.P. Tas- lus 26, a compound deflection will occur which pivots
sic, to which reference may be had for details of the the longitudinal cross section about a transverse annu-
total system not herein shown. lar axis, so that the major diameter D, of the forward

A O20 edge-annulus is reduced, reducing the angle PT, and
SUMMARY OF THE INVENTION the aft transverse surface 24 becomes less conical, in-

Liquid propellant guns, like other guns firing caseless creasing the angle NT.
a,.nunition, must be provided with seals to prevent the The chamber 30 has an internal diameter D, with a
escape of gas from the firing chamber during the -om- tapered aft entrance or Icad-in portion 32 having an ini-
oustion process. 25 tial aft internal diameter DL greater than D, and a for-

Accordingly, it is an object of this invention to pro- ward internal diameter equal to D. FIG. 3 shows the
vide a seal for a cylindrical combustion chamber which seal 20' in its free state. As the seal advances through
is preseated before firing, the lead-in portion towards the firing portion the for-

A feature of this invention is the provision of a seal ward edge annulus 26 engages the wall 32 and is pro-
and a multi diametered chamber which centripetally 30 gressively deflected by the peripheral force F', to re-
deflects the seal to generate a preseating force thereon. duce its major diameter D,. When the forward edge an-

nulus 26 enters the firing section as at 20", the periph-
SBRIEF DESCRIPTION OF THE DRAWING eral force F" plateaus at a maximum, while the major

FIG. I is a schematic in longitudinal cross section of diameter D, plateaus at a minimum which is the diame-
a prior art firing chamber, such as is shown in Ser. No. 3 ter of the firing chamber D,, with the forward edge an-
148,833 supra; nulus firmly seated against the chamber wall. As a re-

FIG. 2 is a schematic in longitudinal cross section of suit of the compound deflection, the aft inner edge an-
a seal embodying this invention; nulus 28 of the seal will be firmly seated against the

FIG. 3 is a schematic in longitudinal cross-section of face 34 of the bolt 36. Thus the preseating of the for-
a multi diametered firing chamber and seal embodying 40 ward edge 26 against the chamber wall and the preseat-
this invention; and ing of the inner edge 28 against the bolt face will pre-

FIG. 4 is a detail view in longitudinal cross-section of elude the flow of gas or particles past the seal, and any
a gun embodying this invention, resultant erosion.

DESCRIPTiON OF THE PREFERRED 45 After firing, as the gas pressure builds up, the aft
DESR NOFHEN Pouter edge annulus 29 of the seal will expand, until the

EMBODIMENT outer annular surface 22 contacts the chamber wall

In guns firing conventional cased ammunition, the along its full length, with the seal minor diameter D2
interface between the combustion chamber and the also equal to Dc, and the aft face 24 contacting the bolt
gun bolt is sealed by the cartridge case. 50 face 34 along its full length. Thereafter, under in-

In the prior art guns, as shown in FIG. 1, utilizing liq- creased gas pressure, the seal and the chamber will ex-
uid propellant and a projectile 10 without a cartridge pand together. After discharge, the seal's elasticity will
case, the interface between the combustion chamber cause it to return to the condition of 20".
12 and the gun bolt 14 is closed by a seal 16 whirh is In a gun embodiment, a barrel 50 having a chamber
carried by the bolt and has a slight clearance with re- 52 similar to 30/32 is locked into a receiver 54. A bolt
spect to the wall of the chamber. This allows the seal 56 reciprocates in the chamber and carries a chamber
to be easily inserted into the chamber during the load- seal 58. similar to 20, which is held by a retainer 60 and
ing operation. After firing, as the combustio i gases are a resilient washer 62. The aft end of the retainer is

* developed in the chamber and the gas pressure rises, a threaded at 64 into a bore 66 in the bolt. An electrode
small flow of gas develops past the periphery of the 60 68 is fixed in a bore 70 through the retainer and bolt
seal. This flow induces a pressure differential between by an insulator 72 and a wedge 74. As the bolt ad-
the stagnant gas within the chamber and the flowing gas vances into the chamber entrance 32 the seal 53 is dis-
without the chamber. The higher pressure within the totted by the chamber wall and preseated thereagainst
chamber causes the seal to expand centrifugally until it as described with respect to FIG. 3.
abuts the chamber wall and obstructs further gas flow. 65 What is claimed is:
From this condition on, the seal is self-energizing in 1. A comtbustion apparatus comprising:
that a higher gas pressure within the chamber tends to a vessel having a substantially cylindrical chamber
seat the seal yet more firmly. The disadvantage of such therein,

St
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said chamber having an internal wall having an aft gressively reduced thereby, providing a continuom
entrance portion merging into a forward firing por- edge scaling between said seal and said wall; and
tion. said piston has a forward facing transverse surface aft
said aft entrance portion having an aft, initial, in- of and adjacent to said seal;

ternal diameter and a forward, final diameter, 5 said aft, annular, approximately transverse face of
SI said initial diameter being greater than said final said seal having an inner annular edge which in the

diameter, free state of said seal is longitudinally forward of
a piston for obturating said forward portion of said the remainder of said aft face,

chamber, whereby, as said externat diameter of said forward-
said piston having a resilient, integral, annular seal 10 most annular edge of said seal is progressively re-

mounted thiereonl,oa ed s bingra el aduced, said inner annular edge is displaced pro-i said seal being transversely annular, with sub-stan-

tially triangular longitudinal cross-section. hay- gressively ',ongitudinally aft, and said inner annular

ing an outer annular, approximately cylindrical edge, and only said inner annular edge engages said
face and an aft, annular. approximately trans. 15 forward facing transverse surface, providing a con-
verse face, tirzaous edge sealing betweer said seal and said sir-
said outer face having a forward-most annular face.

edge, which in the free state of said seal is 2. A combustion apparatus according to claim I
greater in external diameter than the remain- wherein:
der of said outer face, and which in the free 20 said chamber aft entrance portion has a negative
state is less than said initial internal diameter of taper fro., its aft initial 4iameter to said final diam-
said chamber and greater than said final inter- eter, said final diameter, being the diareter of said
nal diameter of said chamber; forward Firirg portion.

whereby, as said piston is advanced longitudinally 3. A combustion apparatus according to claim I
forwardly through said entrance portion of said 25 wherein:
chamber, said forward-most annular edge of said said apparatus is a gun;
seal and only said forward-most annular edge en- said vessel is a gun barrel; and
gages said wall of said chamber, and the external said piston is a gun bolt.
diameter of said forward-most annular edge is pro- * *
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1 4,011,817 2

ammunition before and after loading with liquid pro-
LIQUID PROPELLANT WEAPON SYSTEM pellant, respectively, and embodying this invention;

BACKGROUND OF THE INVENTION FIGS. 5E and SF are schematic longitudinal cross-
section views of a caseless, in-the-gun-filled round of

1. Field of the Invention 5 ammunition before and after loading with liquid pro-
This invention relates to weapons systems employing pellant, respectively, and embodying this invention;

a liquid propellant, and particularly to such systems and
wherein the propellant is continuously pumped into the FIG. 6 is a detail view in longitudinal cross-section of
combustion chamber aft of the projectile as the projec- the round of FIG. 5D.
tile advances along the firing bore. 10 DESCRIPTION OF THE EMBODIMENTS

2. Prior Art
In my eariier patent application. Ser. No. 469,507, Taylor cavity formation and subsequent Helmholtz

now abandoned, filed May 13, 1974, 1 disclosed a gun mixing are considered fundamental mechanisms in
and ammunition sy.-em utilizing a round of ammuni- bulk-loaded liquid propellant guns. Behavior of the
tion carrying a relatively narrow diameter and rela- 15 liquid gas interface, and hence of combustion pro-
tively high mass projectile in a relatively wide and rela- cesses, are attributed to these phenomena. The dyan-
tively low mrs sabot which is initially accelerated by a mics of two-phase flow under accelerations as extreme
primary p~opellant charge in the combustion chamber as those in guns support this supposition, and evidence
aft of the projectile and which is passed during a rela- exists to confirm it. Though chamber pressures arc
tively extended period of time to the combustion chain- 20 higher than critical, and transition between phases
ber. Additional prior art is cited and discussed in that takes place differently than at lower pressure levels,
application which is hereby incorporated by reference. large density differences must exist between burned

and unburned charges. The less dense regions of com-
SUMMARY OF THE INVENTION bustion products undoubtedly migrate through the

An object of this invention is to provide a gun and 25 denser unburned propellant. Much turbulence and
ammunition system utilizing a liquid propellant travel- liquid break-up certainly occurs.
ing charge which is simpler than the area differential FIG. 1 shows a liquid propellant traveling charge 10

system disclosed in Ser. No. 469,507 supra. behind a projectile 12 in a bore 14 in a gun barrel 16.
A feature of this invention is the provision of a gun Acceleration is taking place toward the right. Behind

and ammunition system which utilizes the difference in 30 the liquid charge is shown a new component: a cavity

density between the combustion gases and the charge generator 18. This is here shown as an ogive having a

of liquid propellant as the source of energy for the circular arc body of revolution. Behind the cavity gen-

injection of propellant into the combustion chamber. erator 18 is the combustion zone 2.0 containing the hoi
urinth o mbustinof propellantintoth om n c x, gases which constitute the productv f,, 'onbustion. The

During the combustion of the propellant, an ex- 35 cavity generator substantslly -.eparas-s the main body
Ir tremely steep inertial gradient exists between the face of the liquid charge from tht ,t i.bstior,: ;.. I

of the gun bolt and the projectile; and the lighter coin- The design of the cavity gtow, s:." 18 give., it onother
bustion gas propagates forwardly into the liquid charge more significant function. i4 !s constructed so that its
of propellant. An injector device is provided which has density is less than that of the liquid charge 10 sur-
a lower average density than the density of the liquid 40 rounding it. In the high inertial gradient associated with
charge and which utilizes this difference in density to acceleration in the gun barrel, the lighter cavity genera-
control the entrance of liquid propellant in the combus- tor will tend t ) penetrate the liquid charge. This is
tion zone or chamber. The injector device also defines analogous to the penetration of gas in the Taylor cavity
and controls the interface between the liquid propel- theory as applied to guns. As the cavity generator pene-
lant and the combustion gas and provides a true travel- 45 trates, it will displace liquid which necessarily flows
ing charge effect. rearward of the generator in a relative sense. The cavity

BRIEF DESCRIPTION OF THE DRAWING generator thus acts as an injector system, controlling
the rate at which liquid charge enters the combustion

These and other objects, features, and advantages of zone. As it penetrates into the liquid charge, the cavity
this invention will be apparent from the following spec- 50 generator literally shapes and controls a quasi-Taylor
ification thereof taken in conjunction with the accom- cavity.
panying drawing in which: FIG. I shows the cavity generator as a solid displace-

FIG. 1 is a schematic view of a gun and ammunition ment body of appropriate density to aid in visualiza-
system embodying this invention; tion. However, a solid body of revolution is not neces-

FIGS. 2A, 21, 2C, and 2D are schematic views of 55 sarily the most practical arrangement for actual appli-
various species of cavity generators embodying this cation. It occupies volume in the chamber before firing,
invention; and it must be expelled as debris after the projectile

FIGS. 3A and 3B are schematic views of a fin-stabil- leaves the muzzle. It is advantageous to reduce its bulk.
izcd cavity generator embodying this invention; One way of reducing the bulk of the cavity generator

FIGS. 4A, 4B, 4C, and 4D are schematic detail views 60 is to make the generator hollow. Instead of a solid
of additional species of cavity generators embodying body, it becomes a thin shell, open at the rear and filled
this invention; with combustion gas. The products of coml istion will

FIGS. SA and 5B are schematic longitudinal cross- have variable density as pressure changes, but the aver-
section views of two species of a cased, pre-loaded age density of the products of combi.stion ak,, the
liquid propellant round of ammunition embodying this 65 generator will always be less than that of the unburned
invention; liquid charge.

FIGS. 5C and 5D are schematic longitudinal cross- In this approach, the lightest, thinnest design is uti-
section views of a stub-cased, in-the-gun-filled round of lized. Tihe cavity generator acts more as a gas-filled

p
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A, = bore area said cavity generator has a trailing edge with a plural-
Penetration velocity gives a measure of the flow rate ity of serrations therein which are bent outwardly

of propellant into the combustion zone. This can be and serves as flow spoilers.
combined with equations for the energy balance within 8. A round of ammunition according to claim 6
the gun chamber to calculate chamber pressure and 5 wherein:
projectile motion as functions of time. said cavity generator has a trailing edge with a plural-

What is claimed is: ity of tabs spaced by aperatures and webs which are
1. A round of ammunition comprising: bent inwardly to serve as flow deflectors.
a projectile having a first average density; 9. A round of ammunition according to claim 6
a cavity generator having a second average density; 10 wherein:

and said container means has a cylindrical inner wall

a charge of liquid propellant having a third average having a first inner diameter;
density which is greater than said second average said projectile has a maximum second outer diameter

density; substantially equal to said first diameter; and

said charge of liquid propellant being disposed be- 15 said cavity generator has a maximum third outer

tween said projectile and said cavity generator; diameter less than said first diameter.

said generator being adapted to enter into said 10. A round of ammunition according to claim 9

charge and form a cavity in the aft porticn of said wherein:

charge which is aft of said generator. said cavity generator has a plurality of radially ex-

2. A round of ammunition comprising: 20 tending fins, thereby having an overall maximum

a projectile having a first average density; diameter equal to said first diameter.

a cavity generator having a second average density; 11. A round of ammunition according to claim 6a caitygenrato hainga seondaveage ensty; wherein:
a charge of a combustible liquid having a third aver- said cavity generator has an ogive of a circular arc

age density which is greater than said second aver-
age density; 25 body of revolution, whose point is directed for-

wardly and whose base is directed aftwardly.
said charge of combustible liquid being disposed 12. A round of ammunition according to claim 11

between said projectile and said cavity generator; wherein:
and said cavity generator has a plurality of longitudinally

means for providing a volume of combustion gas aft extending flutes in its outer surface.
of said cavity generator for forwardly advancing 3 13. A round of ammunition according to claim 11
said cavity generator into said charge of combusti- wherein:
ble liquid; and said cavity generator is a hollow envelope, closed

means for passing displaced combustible liquid aft- forwardly and open aftwardly.
wardly past said cavity generator into said volume 14. A round of ammunition according to claim 11
of combustion gas. 35 wherein:

3. A round of ammunition according to claim 2 said cavity generator comprises a plurality of ogives
wherein: fixed together in spaced apart relation, the spaces

said first average density is greater than said third between said ogives serving as fluid passing noz-
average density. zles.

4. A round of ammunition according to claim 2 fur- 40 15. A round of ammunition according to claim 14
ther including: wherein:

container means for holding said projectile forward- each of said nozzles has a swirl generator.
most, and said charge of liquid propellant and said 16. A round of ammunition according to claim 14
cavity generator in serial order aft thereof. wherein:

5. A round of ammunition according to claim 4 4 each of said nozzles has a plurality of orifices.
wherein: 17. A round of ammunition according to claim II

said means for providing combustion gas comprises a wherein:
charge of explosive disposed in the aft portion of said cavity generator has a central fluid passing noz-
said container means. zle formed along its longitudinal axis.

4 6. A round of ammunition according to claim 4 50 18. A round of ammunition according to claim 17
wherein: wherein:

said means for passing displaced liquid comprises an said nozzle has a swirl generator.
annular opening defined by and between said cay- 19. A round of ammunition according to claim 17
ity generator and said container means, wherein:

7. A round of ammunition according to claim 6 said nozzle has a plurality of orifices.
wherein: * * * * *
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Tassie [45] May 17, 1977

[541 LIQUID PROPELLANT GUN (CHECK 3.763,739 10/1973 Tassie ...................................... 89/7
VALVE AND DAMPER) Primary Examiner-David H. Brown

[751 Inventor: Douglas Pray Tassie, Williston, Vt. Attorney, Agent, or Firm-Bailin L. Kuch
[731 Assignee: General Electric Company, [571 ABSTRACT

Burlington, Vt.
A liquid propellant gun utilizes a differential piston

[221 Filed: June 10, 1976 having a plurality of bores through its head, which head

[211 Appl. No.: 694,867 divides the liquid propellant pumping chamber from
the combustion chamber, and propellant supply means

[521 U.S. Ci ...................................... 89/7; 417/349; providing liquid propellant under pressure into said
417/381 pumping chamber, which propellant under pressure

[]nt ........................................... F41F 1/04 both advances the piston to enlarge the pumping cham-
[58] Field of Search ............. 89/7, 9, 1 K; 417/349, ber and to decrease the combustion chamber and in-

4 17/377, 381; 60/39.01 •jects and atomizes a predetermined quantity of propel-

[561 References Cited lant through said bores from said pumping chamber
into said combustion chamber, and a check valvewhich precludes flow of liquid propellant under pres-

2.605.708 8/1952 Smedes .......................... 417/377 X sure from said piston to said propellant supply means
2.884.000 4/1959 Witter ........................... 417/377 X and damps said piston at the end of its combustion
2.981,153 4/1961 Wilson et al ............................ 89/7 stroke by means of a damping cylinder.
2.986,072 5/1961 Hudson ................................... 89/7
3,138.990 6/1964 Jukes et al ............................... 89/7
3.690,255 9/1972 Vass et al ............................ 89/7 X 11 Claims, 5 Drawing Figures

121

I&

%NNN,Z _ 01 M
' "'4- L . R \\\\\\\\\\\\,\\\\\x\-\\.-. !___ / ///"'/''/'/'' [ .... __ I~ a Ii

,l 17 Z 30a o



U.S. Patent May 17, 1977 Sheet I of 2 4,023,463

10~

4C

IIl



U.S. Patent May 17, 1977 Sheet 2 of 2 4,023,463

[?
jib

, -[ A\.W
536 M.-

.~~ ~ ~~' 4\\\\\\ 5-3, \xX',\\\\

A XY>iI.--J 7I
I \\\ ?7 - _- -__.. . ._ .,. ' 6 -

:,- t to \XXXX I , -9

,,7
08_ iw /4 ,--



UNITED STATES PATENT OFFICE

CERTIFICATE OF CORRECTION
PATENT NO. 4,023,463

DATED May 17, 1977

INVENTOR(S) Douglas Pray Tassie

It is certified that error appears in the above-identified patent and that said Letters Patent
are hereby corrected as shown below

Column 1, line 10 change "afte" to --after--; line 34 change
"different" to --differential--; line 46, after "combustion"
insert --char., er--, change "abd" to --and--; line 56, change
"different" to --differential--.
Column 2, line 68 change "III" to --111--.
Column 3, line 11 delete "or manifold"; line 12, after way
insert --or manifold--; line 31, change "surface" to --surfaces--;
line 40 change "has" to --had--.
Claim 4, delete lines 29, 30, 31, and 32.
Claim 7, line 24, change "said" to --and--.
Claim 10, line 46, change "alve" to --valve--.

5igncd and Bcalcd this
thirtieth Day of August 1977

ISEALI
Attest:

RUTH C. MASON C. MARSHALL DANN

A testing Officer Commissioner of Patents and Trademarks
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FIG. 1 is a detail view in longitudinal cross-longitudi-
LIQUID PROPELLANT GUN (CHECK VALVE AND nal cross-section of a gun incorporating a combustor

DAMPER) asscnbly embodying this invention;
BACKGROUND OF THE INVENTION FIG. 2 is an enlarged detail of FIG. I of the combus-

5 tor assembly in the end of propellant injection mode;
I. Field of the Invention FIG. 3 is a transverse view in cross-section taken
This invention relates to liquid propellant guns utiliz- along the plane Ill-Ill of FIG. 2;

ing a differential piston to provide continued or regen- FIG. 4 is an enlarged detail of FIG. 1 of the combus-
erative injection of propellant into the combustion tor assembly in the propellant filling mode; and
chambers afte initial ignition of propellant in the cham- 10 FIG. 5 is a transverse view in cross-section of a gun

* ber. incorporating a plurality of the combustor assemblies
2. Prior Art of FIG. 1 taken along the folded plan V-V.
Liquid propellant guns utilizing differential pistons to DESCRIPTION OF THE PREFERRED

pump propellant into the combustion chamber during EMBODIMENT
combustion are now well known. Early work is de- 15
scribed in a Final Report of Nov. 19, 1953-Jan. 31, This invention, as shown in FIG. i, may be incorpo-
1956 under contract DA-36-034-ORD-! 504RD, rated in a liquid propellant gun of the type shown by D.
Project TSI-47-8 by V. M. Barnes, Jr. et al which ap- P. Tassie in U. S. Pat. No. 3,763,739. However, the
parently in part corresponds to Jukes et al, U.S. Pat. invention as here shown utilizes a monopropellant,
No. 3,138,990 filed Oct. 9, 1961; in a report No. 17-2 20 although the regenerative piston system is applicable to

of June 15, 1954 under contract NOrd-10448 by C. R. bipropellants as well.
Foster et al; and in a Final Report of Sept. 1, 1957 The gun system includes a gun barrel 10, having a

under contract NOrd 16217, Task I, by L. C. Elmore et gun bore 12, which is fixed in a forward bore 14 of a

al. Other patents of interest are J. W. Treat, Jr., U.S. housing 16. The housing has an aft bore 18, with a

Pat. No. 2,922,341, filed Nov. 7, 1955; E. J. Wilson, Jr. 25 plurality of locking recesses 20, which receives a gun

et al U.S. Pat. No. 2,981,153, filed Nov. 14, 1952; C. bolt 22 having a plurality of locking lugs 24. A projec-
M. Hudson, U.S. Pat. No. 2,986,072, filed Nov. 19, tile 26 having a rotating band 27 may be inserted
1952; and E. J. Vass, et al, U.S. Pat. No. 3,690,255 through the aft bore 18 and pushed forwardly into the

filed Oct. I, 1970. Certain of these patents, e. g. Jukes gun bore 12 by the bolt 22, which bolt is then locked in

et al, show the use of valves to control the entrance of 30 and to the housing. The bank 27 makes a gas tight seal
propellant into the combustion chamber. with the bore.

poet io thescombtion chambproe aThe housing 16 may have one, or as shown in FIG. 5,
An object of this invention is to provide an improved a plurality of combustor assemblies 28. As shown in

check valve for a liquid propellant gun having a corn- FIGS. 1, 2 and 4, each combustor assembly includes a

bustor assembly utilizing a different piston which will 35 1,ngitud 4,re combusto assmblytinclhaeser

preclude ullage at the supply face of said piston and 35 longitudinal bore 30 having a combustion chamber
which will provide damping of said piston at the end of portion 32 and a liquid propellant inlet chamber por-
witscombion roe. ption 34. A coaxial check valve 36 is fixed in the bore 30
its combustion stroke, and includes an outer annular housing 38 which is

A feature of this invention is the provision of a liquid externally threaded at 40 to engage threads 42 and a
propellant gun utilizing a differential piston having a 40 shoulder 44 in the bore 30, and has a longitudinal bore
plurality of bores through its head, which head divides in three stepped portions: a portion 46 having the
the liquid propellant pumping chamber from the corn- smallest diameter, a portion 48 having an intermediate
bustion chamber, and propellant supply means provid- diameter, and a portion 50 having the largest diameter.
ing liquid propellant under pressure into said pumping The housing 38 has a left face 52, an internal shoulder
chamber, which propellant under pressure both ad- 45 54, an internal shoulder 56, and a right face 58. A
vances the piston to enlarge the pumping chamber and sleeve 60 has an longitudinal bore 62, a left, truncated
to decrease the combustion and injects abd atomizes a conical, annular head portion 64, and a tail portion
predetermined quantity of propellant thrgugh said including an intermediate portion provided by a plural-
bores from said pumping chamber into said combustion ity (here shown as three) of longitudinally extending,
chamber, and a check valve which precludes flow of 50 circumferentially spaced apart, beams 66, and a right
liquid propellant under pressure from said piston to portion provided a like plurality of heel, enlarged ter-
said propellant supply means and damps said piston at minations 68 on each beam. The right portion has a left
the end of its combustion stroke. face 70 which will abut the shoulder 56, the left portion

RELATED CASES has a right face 72 which will mate with and will seal
55 against the face 52, a conical, peripheral face 74, and a

Subject matter directed to the different piston dis- left face 76. A helical compression spring 78 is dis-
closed herein is claimed in the application of A. R. posed between the shoulder 54 and the face 70 and
Graham, filed concurrently herewith, Ser. No. biases the sleeve 60 to the right.
694,866. Subject matter directed to scaling using a A piston 100 has a head portion 102 which slides in
plurality of combustor assemblies disclosed herein is 60 the combustion chamber portion 32 and a stem portion
claimed in the application of A. R. Graham, filed con- 104 which slides in the bore 62 of the sleeve 60. The
currently herewith Ser. No. 694,869. head portion has an L-ring longitudinal cross-section

with an outer-peripheral surface 106 for sliding engage-
ment with the wall of the chamber 32, a right transverse

These and other objects, advantages and features of 65 annular surface 108 which will mate with and will seal
the invention will be apparent from the following speci- against the face 76, a right conical annular surface 110
fication thereof taken in conjunction with the accom- which will mate with and will seal against the face 74,
panying drawing in which: a transverse annular surface III which will mate with
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and will seal against the face 52 a left face 112 having piston head closes onto the annulus 74 of the check
a conical recess 114, and a plurality of bores 116 dis- valve the remainder of the liquid propellant trapped
posed in an annular row and interconnecting the face therebetween provides an energy absorbing function
108 with the recess 114. and absorbs the energy of the moving piston head as it

The left end of the combustion chamber 30 is closed 5 impacts against the check valve annulus, without any
by a plug 116 which carries a spark plug 118. A respec- ullage. The interface surfaces 110 and 74 should be
tive radial bore 120 communicates between the respec- conical, approaching a cylinder, to provide maximum
tive combustion chamber 32 and the left end of the travel time for trapped fluid to absorb energy and pass
bore 12. through the bores, yet not so cylindrical as to trap

The right end of each liquid propellant inlet chamber 10 liquid and prevent such liquid from reaching and pass-
portion 34 opens into an annular or manifold passage- ing through the bores.
way 124, which in turn is open, at 126, to a propellant The interface between the piston stem 104 and the
supply valve 128. The valve includes a housing 130 bore 62 may be without seals, since any leakage from
having an inlet port 132, a cylinder 134, and a spool the pumping chamber portion will merely pass back
136. The spool may be cam controlled, as shown in is into the supply chamber portion. The L-ring section
U.S. Pat. No. 3,763,739 for synchronization with the 106 provides an effective seal between the hot gun gas
other gun functions. in the combustion chamber and the relatively cold

As shown in FIG. 1, before loading, the valve 128 is liquid in the pumping chamber portion, in that there is
closed and the piston 100 is in its righthandmost posi- a different in pressure on the piston head which pro-
tion wherein it is nested with and sealed to the check 20 vides for the flow of liquid propellant from the pumping
valve 36. A projectile 26 is inserted into the gun bore chamber to the combustion chamber, which precludes
12 and the bolt 22 is closed and locked. The spool 136 any flow of gun gas from the combustion chamber to
is shifted to the left, opening the valve 128, admitting the pumping chamber.
liquid propellant under pressure into the manifold 124. To provide lubrication between the piston head 102
Propellant under pressure passes into the chamber 25 and the wall of bore 32, a plurality of shallow, helical
portion 34 and into the longitudinal recesses between andoteswall of be p laity f sh alwfhethe eam 68 an appiespresur aganstthesurace grooves 200 may be provided in the peripheral surface
the beams 68, and applies pressure against the surface of the piston head, communicating from the left face
72 of the portion 64 to shift the portion, against the bias 112 to the right face. adjacent 110. Liquid propellant
of the spring 78, away from the surface 52, to permit will be forced through these apertures at the same time
the flow of liquid propellant around the portion 64 and 30
against the surface 108 and 110 of the head 102 of the as through the bores 116 and will lubricate this inter-Thispresur prvidd bytheincmin liuid face. All lubricant passing into the combustion chain-
piston. ed the hecominreating ber portion will be in a swirl pattern, ensuring good
propellant pushes the piston head to the left, creating mxnadwl ebreete spieo sprand enlarging the available volume of a propellant mixing, and will be burned, either as primer, or as part
anduenlrging hber avi olm o9 ad pereante 3of the main charge. A fresh supply of lubricant is pro-
pumping chamber portion 129 and decreasing the vided during each firing cycle, and will clean out any

I available volume of the combustion chamber portion.

A small quantity of the liquid propellant passes through particles which may lodge in the grooves.
the bores 116 into the combustion chamber portion Lubrication of the interface between the piston stem
during this shifting of piston head, and thus a quantity and the check valve sleeve is also provided by the liquid
of air which has entered when the bolt was open, plus 40 propellant.
this quantity of liquid propellant, are compressed and The leakage propellant will act as a booster as well as
trapped in the combustion chamber. The liquid propel- a primer. The piston compresses air in front of it, and
lant is atomized as it passes through the bores, and the then creates a two-phase mixture in front of it, which
total quantity and the size of the droplets is a function, on ignition, acts as a booster charge. A small booster
inter alia. of the diameter of the bores, the velocity of 45 charge results in a much faster initial chamber pressure
the piston and the pressure of the liquid propellant. rise which improves ballistic efficiency.
When the piston head has reached its maximum excur- What is claimed is:
sion in compression, that is, leftmost travel, the liquid 1. A pump comprising:
pressure in the pumping chamber portion 129 equals a cylinder having a longitudinal bore with a longitudi-
the liquid pressure in the supply manifold 124 and the 50 nal axis, an inner wall, an inlet end and an outlet
supply chamber portion 34 and the spring 78 drives the end;
sleeve 60 to the right, thereby closing the check valve a check valve coaxial with said longitudinal axis and
36. This quantity of compressed air and atomized pro- closing said cylinder bore inlet end, including:
pellant in the combustion chamber portion adjacent an outer annular housing fixed to and sealed within
the sparkplug is predetermined and repeatable, and 55 said cylinder bore inner wall, and having a longi-
serves as a primer for the combustion of the main tudinal bore coaxial with said longitudinal axis
charge of propellant disposed in the supply chamber and a first, substantially transverse, cylinder bore
portion. Ignition of this primer is provided by the spark- inlet end remote face,
plug. Ignition of the primer generates combustion gas an annular sleeve disposed within said housing bore
whose pressure drives the piston to the right to increase 60 and having an annular head portion remote from
the volume of the combustion chamber portion and to said cylinder bore inlet end, a tail portion pro-
decrease the volume of the pumping chamber portion. vided by a plurality of circuinferentially spaced
The difference in areas of the two faces of the piston apart beams extending longitudinally from said
generates a difference in pressure in the two chambers head portion and proximal to said cylinder bore
so that liquid propellant is continually forced through 65 inlet end, and having a longitudinal bore coaxial
the bores 116 into the combustion chamber at a con- with said longitudinal axis,
trolled rate. The piston head is displaced continually to said sleeve head portion having a first, substantially
the right towards the closed check valve 36. As the transverse, cylinder bore inlet end remote face,

I ,a m m, a, ,. JJ b,.. ,, ,mF 1ama ,i
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and a second, substantially transverse, cylinder a check valve coaxial with said longitudinal axis and
bore inlet end proximal face, and closing said cylinder bore inlet end, including:

spring means biasing said sleeve towards said cylin- an outer annular housing fixed to and sealed within
der bore inlet end so that said sleeve head second said cylinder bore inner wall, and having a longi-
face abuts and seals against said housing first 5 tudinal bore coaxial with said longitudinal axis
face; and a first, substantially transverse, cylinder bore

a piston having a head portion journaled within and inlet end remote face,
sealing against said cylinder bore wall and a stem an annular sleeve disposed within said housing bore
portion journaled within said sleeve bore, and having an annular head portion remote from
said piston head portion having a first, substantially 10 said cylinder bore inlet end, a tail portion pro-

transverse, check valve distal face and a second, vided by a plurality of circumferentially spaced
substantially transverse, check valve proximal apart beams extending longitudinally from said
face, head portion and proximal to said cylinder bore

said piston head second face adapted to abut and seal inlet end; and having a longitudinal bore coaxial
against said sleeve first face. 15 with said longitudinal axis,

2. A pump according to claim I wherein: said sleeve head portion having a first, substantially
said housing and the distal ends of said sleeve beams transverse, cylinder bore inlet end remote face,

have interengaging means to limit the travel of said and a second, substantially transverse, cylinder
sleeve relative to said housing against the bias of bore inlet end proximal face, and
said spring. 20 spring means biasing said sleeve towards said cylin-

3. A pump according to claim 1 wherein: der bore inlet end so that said sleeve head second
- said piston head second face and said sleeve head face abuts and seals against said housing first

portion have mating faces which will congruently face;
interfit without voids, a piston having a head portion journaled within said

4. A pump according to claim 3 wherein: 25 sealing against said cylinder bore wall and a stem
said piston head second face is substantially conical portion journaled within said sleeve bore,

to provide a longitudinal cross-section of a L-ring said piston head portion having a first, substantially
seal. transverse, check valve distal face and a second,

said housing and the distal ends of said sleeve beams substantially transverse, check valve proximal

have interengaging means to limit the travel of said 30 face,
relative to said housing against the bias of said said piston head second face adapted to abut and seal

against said sleeve first face.spring. 8. A gun according to claim 7 wherein:
5. A pump according to claim 1 further including, said piston head second face and said sleeve head

supply means coupled to said inlet end of said cylin- 35 prton haean face whic wl c elo der bore for providing a supply of liquid under 35 pointerfitiohave matingfaces which will congruently

pressure thereto, the liquid adapted to flow to said 9. A gun according to claim 7 wherein:
check valve, between said sleeve beam portions said housing and the distal ends of said sleeve beams
and against said sleeve head portion second face to have interengaging means to limit the travel of said
displace said sleeve against the bias of said spring 40 sleeve relative to said housing against the bias of
to create a passageway around said sleeve head said spring.
portion to said piston head second face to displace 10. A gun according to claim 7 further including:
said piston head from said sleeve head portion to supply means coupled to said inlet end of said cylin-[ create and fill a void between said piston head and der bore for providing a supply of liquid under
said sleeve head. 45 pressure thereto, the liquid adapted to flow to said

6. A pump according to claim 5 wherein: check alve, between said sleeve beam portions and
said piston head has a plurality of bores communicat- against said sleeve head portion second face to

ing between said first and said second piston head displace said sleeve against the bias of said spring
faces, to create a passageway around said sleeve head
means coupled to said cylinder bore outlet end for 50 portion to said piston head second face to displace

returning said piston head to said sleeve head said piston head from said sleeve head portion to
portion whereon liquid trapped in said void pro- create and fill a void between said piston head and
gressively absorbs the kinetic energy of said pis- said sleeve head.
ton head through ejection of such liquid through 11. A gun according to claim 10 wherein:
said plurality of bores. 55 said piston head has a plurality of bores communicat-

7. A liquid propellant gun comprising: ing between said first and said second piston head
a gun bore having a projectile receiving chamber; faces,
a gun bolt for opening and closing a projectile receiv- means coupled to said cylinder bore outlet end for

ing chamber behind a projectile; and returning said piston head to said sleeve head
a pump comprising: 60 portion whereon liquid trapped in said void pro-
a cylinder having a longitudinal bore with a longitudi- gressively absorbs the kinetic energy of said pis-

nal axis, an inner wall, an inlet end and an outlet ton head through ejection of such liquid through
end, said outlet end communicating with said pro- said plurality of bores.
jectile receiving chamber; * * * *

65
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A feature of this invention is the provision of a liquid

LIQUID PROPELLANT GUN (RECOILLESS propellant gun having a combustion gas responsive
REGENERATIVE PISTON) displacement mechanism to progressively inject propel-

lant into a combustion chamber from a supply chamber,
BACKGROUND OF THE INVENTION 5 a gun barrel for the discharge of a projectile, a balanc-

1. Field of the Invention ing nozzle for the discharge of combustion gas, and a
This invention relates to liquid propellant guns utiliz- plug coupled to said mechanism and serving to control

ing a differential piston to provide continued or regen- the effective cross-section area of said nozzle in re-
erative injection of the propellant into the combustion sponse to the displacement of said mechanism.
chamber after initial ignition, and more particularly to 10
such guns having a balancing nozzle for recoilless oper-
ation. These and other objects, advantages and features of

2. Prior Art the invention will be apparent from the following speci-
- Liquid propellant guns utilizing differential pistons to fication thereof taken in conjunction with the accompa-

pump propellant into the combustion chamber during 15 nying drawing in which:
combustion are now well known. Early work is de- FIG. I is a schematic diagram of a gun having a coax-
scribed in a Final Report of Nov. 19, 1953-Jan. 31, 1956 ial gun barrel, a differential piston and a balancing noz-
under contract DA-36-034-ORD-1504RD, Project zle embodying the present invention;
TS 1-47-8 by V. M. Barnes, Jr. et al which apparently in FIG. 2 is a schematic diagram of a gun having a gun
part corresponds to Jukes et al, U.S. Pat. No. 3,138,990 20 barrel with an ammunition feeding mechanism parallel
filed Oct. 9, 1961; in a report No. 17-2 of June 15, 1954 to a differential piston and a balancing nozzle embody-
under contract NOrd-10448 by C. R. Foster et al; and in ing the present invention;
a Finai Report of Sept. 1, 1957 under contract NOrd FIG. 3 is a schematic diagram of a gun similar to that

16217, Task 1, by L. C. Elmore et al. Other patents of of FIG. 2 having a plurality of sets of differential pistons

interest are J. W. Treat, Jr., U.S. Pat. No. 2,922,341, 25 and balancing nozzles disposed in a circular row coaxial

filed Nov. 7, 1955; E. J. Wilson, Jr., et al, U.S. Pat. No. to a gun barrel with an ammunition feeding mechanism;
2,981,153, filed Nov. 14, 1952; C. M. Hudson, U.S. Pat. FIG. 4 is a schematic diagram of an additional speciesof the invention having the differential piston as part of
No. 2,986,072, filed Nov. 19, 1952; and E. J. Vass, et al, the balancing nozzle;
U.S. Pat. No. 3,690,255, led Oct. 1, 1970.thbancgnozeus Ptlizing No. 3,690,25 le t approx e 1. 30 FIG. 5 is a schematic diagram of a variation of the

Guns utilizing balancing nozzles to approximate re- seiso I.4 n

coilless operation are also now well known. Examples species of FIG. 4; andcoilessopertio areals no wel knwn. xamles FIG. 6 is a schematic diagram of a variation of the
are: C. W. Musser, U.S. Pat. No. 2,924,149, filed Oct. 7, species of FIG. 1.

1957; L. A. Skinner, U.S. Pat. No. 2,965,000, filed Dec.

20, 1960; R. G. Strickland et al, U.S. Pat. No. 3,129,636, 35 DESCRIPTION OF THE INVENTION
Ll flied Sep. 28, 1960; and A. J. Grandy, U.S. Pat. No. The invention, as shown in figures, may be incorpo-

3,338,133, filed Oct. 6, 1965. Musser and Grandy show rated in a liquid propellant gun having a differential area
the use of a frangible disk to close the balancing nozzle piston for progressively injecting propellant from a
until pressure has built up in the combustion chamber. supply chamber into a combustion chamber, as shown
Strickland et al shows a plug attached to the projectile 40 in Set. No. 694,86, filed June 10, 1976 by A. R. Gra-
to restrict the balancing nozzle prior to translation of ham, and obtaining satisfactory damping through the
the projectile down the gun barrel. That is, to restrict devices shown in Set. No. 694,867, filed June 10, 1976
the flow of exhaust combustion gas through the nozzle by D. P. Tassie and Ser. No. 694,868, filed June 10, 1976
during the early phases of the combustion process in the by A. R. Graham. The controlled leakage mechanism
recoilless gun. THi- restriction causes more rapid pres- 45 described in Ser. No. 694,866, above, may also be used
sure buildup and higher acceleration for the projectile. to advantage herein.
However, the plug is attached to the projectile and this As shown in FIG. 1, the invention is embodied in a
restrictio it provides only occurs when thE projectile is gun having a gun barrel 10 with a rifled bore 12 and a
near the beginning of the gun barrel. Since the projec- chamber 14 receiving a projectile 16 having a rotating
tile has a very high initial acceleration, the plug is in the 50 band 18. The gun barrel extends aftwardly to form a
vicinity of the nozzle for only a very short initial period, cylinder 20 having a bore 22, to which is fixed, as by a

An object of this ) vention is to provide a recoilless theaded joint 24, a balacing nozzle 26 having a throat 28
gun wherein the rate of exhaust flow of the combustion and a transverse wall 30 with a plurality of longitudinal
gas through the balancing nozzle can be controlled over bores 32 disposed about a central longitudinal bore 34.
a major fraction of the combustion period, thereby to 55 A differential piston 36 has a head 38 journaled for
permit a more absolute balance of the forces of recoil reciprocation in the bore 22 and a stem 40 journaled for
and counterrecoil to provide a truly recoilless gun. reciprocation in the bore 34. The head has a plurality of

Another object of this invention is to provide a recoil- longitudinal bores 42 extending from the forward face
less gun where the rate of exhaust flow of the combus- 44 of relatively large cross-sectional area to the aft face
tion gas through the balancing nozzle can be controlled 60 46 of relatively small cross-sectional area. The stem has
to reduce the blast field generated by the exhaust flow a longitudinal blind bore 48 extending aftwardly from
to a desired level. By blast field is meant the shock wave the forward face 44 and intersected at its aft end by a
or waves generated in the volume or region of atmo- plurality of radial bores 50. The aft end of the stem is
sphere surrounding the rear of the gun which is gener- fixed, as by a threaded joint 52, to an enlarged cylindri-
ated by the rapid introduction therein of the large vol- 65 cal plug 54 which is journaled for reciprocation in the
ume of exhaust gas. Controlling the rate of introduction throat 28, The plug may be of any desired longitudinal
of this gas directly controls the strength of this shock configuration, from a maximum diameter at transverse
wave and its overpressure. plane 56-to a minimum diameter at transverse plane 58
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so that as a function of the longitudinal aftward dis- combustion chamber also vents to a balancing nozzle
placement of the plug from the position shown in FIG. 222 which is coaxial to the piston. A plug 224 is fixed to
1, a minimum open annular cross-section area (shown as the piston to constrict the opening of the nozzle at the
zero in FIG. 1) is provided at the knee 60 to a maximum commencement of combustion. The non-coaxial ar-
open annular cross-sectional area. A port 62, in the 5 rangement of FIG. 2 develops a force couple, which
cylinder 20, for the entry of liquid propellant, a forward may be avoided by providing two or more sets 250, 252
port 64 and an aft port 66 for respective sources of of pistons and balancing nozzles to provide a balance of
ignition are also provided, forces with the gun barrel 254, as shown in FIG. 3. Use -

The piston head 38, the wall 30 and the bore 22 define may be made of the scaling mechanism disclosed in Ser.
a supply chamber 70 for liquid propellant; the piston 10 No. 694,869 filed June 10, 1976 by A. R. Graham.
head 38, the bore 22 and the projectile 16 define a for- The differential piston 300 may be utilized as part of
ward combustion chamber 72; the wall 30, the throat 28 the balancing nozzle, as shown in FIG. 4. The piston
and the plug 54 define an aft combustion chamber 74. has a piston head 302 with injection bores 304journaled
At the beginning of a cycle the piston head is aft and in a cylinder 306 and defining a liquid propellant supply
adjacent to the wall 30. A projectile is inserted into the 15 chamber 308 and a combustion chamber 310. The piston
projectile chamber 14. Liquid propellant is introduced has a piston stem 312 which is journaled in the bore 314
under pressure through the port 62, as by a check valve, of a balancing nozzle 316, and has a longitudinal bore
not shown, to progressively displace the piston head 318 running the entire length of the piston, terminating
forwardly, increasing the volume of the supply chain- in an initial nozzle 320. The combustion chamber 310
ber and decreasing the volumes respectively of the 20 vents forwardly through the gun barrel bore 322, and
forward and aft combustion chambers. In this process a aftwardly through the piston bore 318, nozzle 320, and
small quantity of propellant leaks through the bores 42 the balancing nozzle 314, 316. Each projectile 326 is
and 32 into the forward and aft combustion chambers provided with an aftwardly extending plug 328 to con-
and serves as a primer which is subsequently ignited by strict the piston bore 318 at the commencement of com-
ignition sources operable through ports 64 and 66 after 25 bustion. In a system wherein a peak pressure of 20,000
the piston head has reached its forwardmost position, as psi is reached in the combustion chamber, the projectile
shown in FIG. 1, whereat the plug has minimized the does not complete the engraving of its rotating band
annular opening of the throat of the balancing nozzle. and move significantly forward from the projectile

Upon ignition the combustion chamber gas in the chamber until an intermediate pressure of about 10,000
forward combustion chamber acting on the relatively 30 psi has been reached, The differential piston is able to
large cross-sectional area of the face 44 of the piston slide aftwardly before that intermediate pressure has
head 38 commences to displace the piston aft, which been reached, so that a progressive development of the
injects more propellant through the bores 42 and 32. At aftward exhaust may be piovided before the projectile
this time the aft and forward combustion chambers are leaves the projectile chamber. This present arrange-
a substantially closed system, and combustion gas pres- 35 ment is an improvement over the prior known arrange-
sure builds up without venting. As the piston moves aft ment of a plug fixed to the aft end of the projectile and
with the plug 54, the throat of the balancing nozzle is extending into a fixed housing balancing nozzle because
progressively opened, permiting the flow of combustion the prior arrangement can only vary the nozzle throat
gas out the nozzle from the forward combustion cham- cross-sectional area when the projectile is moving. In
ber, through the piston bore 48 and bores 50 together 40 the present arrangement the nozzle throat area can be
with that combustion gas which is generated itself in the varied when either the piston or the projectile is mov-
aft combustion chamber. ing, until they separate. Since the flow may be required

It may be noted the bores 32 and 66 and the combus- to build up over a long time prior to any movement of
tion in the aft chamber 74 may all be omitted, and all of the projectile, the present arrangement better meets this
the balancing gas flow may be provided from the for- 45 requirement than the prior arrangement did. Further,
ward chamber 72. the present arrangement provides improved ballistic

It may also be noted that the regenerative pistondue efficiency. The plug extends into the low pressure vol-
to the resistance of flow of the liquid propellant through ume in and beyond the nozzle, reducing the cross-sec-
the bores 42 and 32 providing a hydraulic damping tional area of the base of the projectile which is exposed
function, has a much lower acceleration and a velocity 50 to the higher pressure of the combustion chamber. Thus
which is an order of magnitude more slower than the the initial force on the base of the projectile is lower _
projectile. Thus the control exercised over the balanc- than would be the case if chamber pressure were ap-
ing nozzle by the plug 54 on the regenerative piston can plied to the full area of the base. In this way the applied
be essentially extended over nearly the full time the force can be maintained below that required to com-
projectile is in the gun barrel. 55 mence the translation of the projectile up the barrel, and

The longitudinal axis of the regenerative piston may thus prolong the period of nozzle area control. It is
be displaced from the longitudinal axis of the gun barrel possible to hold the vrojectile stationary until peak
to make the chambering of projectile more convenient, chamber pressure is r( , ' d. Since the force on the base
as shown in FIG. 2. The differential piston 200 has a of the projectile increa. .as the plug is withdrawn from
piston head 202 with injection bores 204 journaled in a 60 the bore of the piston, the acceleration of the projectile
cylinder 206 and defining a liquid propellant supply will increase rapidly. A fast rise in acceleration provides
chamber 206 and a combustion chamber 208. The com- a higher average acceleration and thus a high projectile
bustion chamber vents through a port 210 into the pro- velocity.
jectile receiving chamber 212 aft of the projectile 214 The plug 400 may be fixed to the housing 402 or some

and forward of the gun bolt 216. The bolt is operated by 65 other part which is stationary during the combustion
a conventional bolt operating mechanism 218 to strip period, as shown in FIG. 5. The differential piston 404

the lowermost projectile from a train of projectiles 220, is utilized as part of the balancing nozzle. The piston has

to chamber the projectile and to close the chamber. The a piston head 406 with injection bore 408 journaled in a
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cylinder 410 and defining a liquid propellant supply said displacement of said first means is a function of
chamber 412 and a combustion chamber 414. The piston the pressure of the gas in said combustion chamber.
has a piston stem 416 which is journaled in the bore 415 3. A gun according to claim I wherein:
of a balancing nozzle 420, and has a longitudinal bore said first means includes a regenerative piston.
422 running the entire length of the piston and serving 5 4. A gun according to claim 3 wherein:
as an initial nozzle. A plurality of bores 424 communi- said piston and said gun barrel are coaxial.
cate between the combustion chamber and the projec- 5. A gun according to claim 3 wherein:

| tile chamber. The combustion chamber vents forwardly said valve means includes
through the bores 424 and aftwardly through the piston a longitudinal bore in said piston communicating
bore 422 and the balancing nozzle 420. The plug 400 between said combustion chamber and said noz-
restricts the piston bore 422 at the commencement of zle throat.
combustion. The cross-sectional area of the bores 424 6. A gun according to claim 5 wherein:
may be used to reduce the gas pressure from the com- said valve neans includes
bustion chamber to the projectile chamber. For exam- a projectile disposed in said gun barrel.
pie, the combustion chamber may be permitted to peak a plug fixed to said projectile and extending into
of 50,000 psi, while the projectile chamber may be per- 15 said piston bore which serves as a portion of said
mitted a peak of 10,000 psi. The higher the pressure, the nozzle throat.
faster the rate of burning, the higher the velocity of the said projectile and piston having a mode of operation
exhaust jet and the smaller the diameter of the exhaust such ihat said piston is adapted to move aft away
jet as it passes from the balancing nozzle into the atmo- from said plug prior to said projectile moving for-
sphere. 20 wardly in said gun barrel.

The plug on the piston may be used to provide com- 7. A gun according to claim 5 further including:
plex control of the exhaust jet as shown in FIG. 6. The a housing; and

differential piston 500 has a head 502 with injection said valve means includes

bores 504 journaled in a cylinder 506 and defining a a plug fixed to said housing and extending into saidbore 50 jounald ina cliner 56 ad deinig apiston bore which serves as a portion of said noz-
liquid propellant supply chamber 508 and a combustion 25 zle throat.chamber 510, which lead to a chamber 512 for receiving

a projectile 514. The piston has a stem 516 which termi- S. A gun according to claim 3 wherein:

nates in a plug 518, and a blind bore 520 which commu- said istonudes~nicates from the combustion chamber to a plurality of a plug fixed to said piston and journaled for recipro-
cation within said nozzle throat and effective toradial bores 522, and is journaled in a bore 524 which 30 change the open cross-sectional area of said noz-

terminates in a balancing nozzle 526 which has an aft zle throat.
constriction 528. At the commencement of combustion 9. A gun according to claim 8 wherein:
the piston is in its forwardmost position and the bores said nozzle throat has first and second constrictions
522 are closed by the wall of the bore 524. Rearward which are longitudinally spaced apart,
displacement of the piston and its plug permits the in- 35 said plug cooperating initially with said first constric-
creasing flow of exhaust gas out the balancing nozzle tion and subsequently, upon displacement by saidU until the plug approaches the constriction 528 which piston, with said second constriction.
decreases the flow. 10. A gun according to claim 8 further including:

It will be seen that use of the piston of displace the an additional combustion chamber;
plug permits the exhaust flow of the balancing nozzle to said piston additionally serving to inject propellant
be made independent of the pressure behind the projec- 40 into said additional combustion chamber;
tile. The plug can control the effective open area of the said valve means additionally serving to communicate
balancing nozzle independently of the rapid pressure between said additional combustion chamber and
rise required in the combustion chamber. In operation, said nozzle throat.

l the exhaust nozzle may start from a closed condition, 11. A gun according to claim 10 wherein said combus-
then have a slowly increasing area as the pressure grad- 45 tion chambers and said piston are mutually coaxial.
ually builds up, and then at a predetermined time have 12. A gun according to claim 8 wherein:
a rapidly decreasing area which will cause a rapidly said gun barrel includes a projectile receiving cham-
increasing pressure buildup in the combustien chamber ber;
to provide the required acceleration of the projectile means for disposing a projectile in said projectile
from the gun barrel without causing a sudden increase 50 receiving chamber;
in the outflow through the balancing nozzle which conduit means communicating between said combus-
would cause a blast or shock wave. tion chamber and said projectile receiving chamber

What is claimed is: for providing a flow of combustion gas.
1. A gun comprising: 13. A gun according to claim 12 further including:
a gun barrel; 55 an additional set of
a combustion chamber; combustion chamber;
a liquid propellant supply chamber; liquid propellant supply chamber;
first means having a displacement which is a time nozzle having a throat;

function for injecting propellant from said supply piston and plug;
chamber into said combustion chamber as a func- said conduit means additionally communicating be-
tion of said displacement; 60 tween said additional combustion chamber and said

a balancing nozzle having a throat projectile receiving chamber,
valve means communicating between said combus- said nozzle throats being mutually spaced apart and

tion chamber and said balancing nozzle throat for having longitudinal axes which are parallel to the
providing a conduit for the flow of combustion gas, longitudinal axis of said gun barrel.
and coupled to said first means for controlling said 65 14. A gun according to claim 13 wherein:
flow as a function of said displacement of said first said axes of said nozzle throats and said gun barrel are
means. substantially coplanar.

2. A gun according to claim I wherein: 0 0 " 0
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K4,050,348 1, 2
FIG. 2 is an enlarged detail of FIG. I of the combus-

LIQUID PROPELLANT GUN (CONTROLLED tor assembly in the end of propellant injection mode:
LEAKAGE REGENERATIVE PISTON) FIG. 3 is a transverse view in cross-section taken

BACKGROUND OF THE INVENTION along the plane 11-I1 of FIG. 2;
5 FIG. 4 is an enlarged detail of FIG. I of the combus-

I. Field of the Invention tor assembly in the propellant filling mode: and
This invention relates to liquid propellant guns utiliz- FIG. 5 is a transverse view in cross-section of a gunP ing a differential piston to provide continued or regen- incorporating a plurality of the combustor assemblies of

erative injection of propellant into the combustion FIG. 1 taken along the folded plane V-V.
chamber after initial ignition of propellant in the cham- 10 DESCRIPTION OF THE PREFERRED
ber. EMBODIMENT

2. Prior Art
Liquid propellant guns utilizing differential pistons to This invention, as shown in FIG. 1, may be incorpo-

pump propellant into the combustion chamber during rated in a liquid propellant gun of the type shown by D.
combustion are now well know. Early work is de- 15 P. Tassie in U.S. Pat. No. 3,763,739. However, the in-F scribed in a Final Report of Nov. 19, 1953-Jan. 31, vention as here shown utilizes a monopropellant, al-
1956 under contract DA-36-034-ORD-1504RD, Project though the regenerative piston system is applicable to
TSI-47-8 by V. M. Barnes, Jr. et al which apparently in bipropellants as well.
part corresponds to Jukes et al., U.S. Pat. No. 3,138,990 The gun system includes a gun barrel 10, having a gun
filed Oct. 9. 1961; in a report No. 17-2 of June 15, 1954 20 bore 12, which is fixed in a forward bore 14 of a housing
under contract NOrd-10448 by C. R. Foster el at; and in 16. The housing has an aft bore 18, with a plurality of
a Final Report of Sept. 1, 1957 under contract NOrd locking recesses 20, which receives a gun bolt 22 having

- 16217, Task i, by L. C. Elmore et al. Other patents of a plurality of locking lugs 24. A projectile 26 having a
interest are J. W. Treat, Jr., U.S. Pat. No. 2,922,341, rotating band 27 may be inserted through the aft bore 18
filed Nov. 7, 1955; E. J. Wilson, Jr. et al., U.S. Pat. No. 25 and pushed forwardly into the gun bore 12 by the bolt
2,981,153, filed Nov. 14, 1952; C. M. Hudson, U.S. Pat. 22, which bolt is then locked in and to the housing. The
No. 2,986,072, filed Nov. 19, 1952; and E. J. Vass, et al., band 27 makes a gas tight seal with the bore.
U.S. Pat. No. 3,690,255 filed Oct. 1, 1970. The housing 16 may have one, or as shown in FIG. 5,

An object of this invention is to provide an improved a plurality of combustor assemblies 28. As shown in
liquid propellant gun having a combustor assembly 30 FIGS. 1, 2 and 4, each combustor assembly includes a
utilizing a differential piston wherein a uniform metered longitudinal bore 30 having a combustion chamber por-
quantity of atomized propellant may be passed into the tion 32 and a liquid propellant inlet chamber portion 34.
combustion chamber to serve as a primer without addi- A coaxial check valve 36 is fixed in the bore 30 and
tional valves in said piston. includes an outer annular housing 38 which is externally

A second object of the invention is to avoid the com- 35 threaded at 40 to engage threads 42 and a shoulder 44 in
plexity of providing a means for retaining propellant the bore 30, and has a longitudinal bore in three stepped
behind the piston during the filling operation by simply portions: a portion 46 having the smallest diameter, a
allowing said propellant to "leak" through the piston portion 48 having an intermediate diameter, and a por-
into the combustion chamber for purposes described tion 50 having the largest diameter. The housing 38 has
under the first object of the invention. 40 a left face 52, an internal shoulder 54, an internal shoul-

A feature of this invention is the provision of a liquid der 56, and a right face 58. A sleeve 60 has an longitudi-
propellant gun utilizing a differential piston having a nal bore 62, a left, truncated conical, annular portion 64,
plurality of bores through its head, which head divides an intermediate portion provided by a plurality (here
the liquid propellant pumping chamber from the com- shown as three) of longitudinally extending, circumfer-
bustion chamber, and propellant supply means provid- 45 entially spaced apart, beams 66, and a right portion
ing liquid propellant under fixed feed pressure into said provided a like plurality of heel, enlarged terminations
pumping chamber, which propellant under pressure 68 on each beam. The right portion has a left face 70
both advances the piston to enlarge the pqpping chain- which will abut the shoulder 56, the left portion has a
ber and to decrease the combustion chamber while right face 72 which will mate with and will seal against
increasing pressure in said combustion chamber and 50 the face 52, a conical, peripheral face 74, and a left face
injects and atomizes a predetermined quantity of pro- 76. A helical compression spring 78 is disposed between
pellant through said bores from said pumping chamber the shoulder 54 and the face 70 and biases the sleeve 60
into said combustion chamber to serve as a primer, to the right.

A piston 100 has a head portion 102 which slides in
RELATED CASE 55 the combustion chamber portion 32 and a stem portion

Subject matter directed to the details of the check 104 which slides in the bore 62 of the sleeve 60. The
,alve disclosed herein is claimed in the Application of head portion has an L-ring longitudinal cross-section
D. P. rassie, Ser. No. 694,867 filed concurrently here- with an outer-peripheral surface 106 for sliding engage-
with. on June 10, 1976. ment with the wall of the chamber 32, a right transverse

60 annular surface 108 which will mate with and will seal
BRIEF DESCRIPTION OF THE DRAWING against the face 76, a right conical annular surface 110

These and other objects, advantages and features of which will mate with and will seal against the face 74, a
the invention will be apparent from the following speci- transverse face which will mate with and will seal
fication thereof taken in conjunction with the accompa- against the face 52, a left face 112 having a conical
nying drawing in which: 65 recess 114, and a plurality of bores 116 disposed in an

FIG. I is a detail view in longitudinal cross-section of annular row and interconnecting the face 108 with the
a gun incorporating a combustor assembly embodying recess 114. Alternatively, these bores may be arranged
this invention: as axial bores and in other configurations.
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4 The left end of the combustion chamber 32 is closed impacts against the check valve annulus, without any

by a plug 117 which carries a spark plug 118. A respec- ullage. The interface surfaces 110 and 74 should be
tive radial bore 120 communicates between the respec- conical, approaching a cylinder, to provide maximum
tive combustion chamber 32 and the left end of the bore travel time for trapped fluid to absorb energy and pass
12. 5 through the bores, yet not so cylindrical as to trap liquid

The right end of each liquid propellant inlet chamber and prevent such liquid from reaching and passing
portion 34 opens into an annular passageway or mani- through the bores.
fold 124, which in turn is open, at 126, to a propellant The interface between the piston stem 104 and the
supply valve 128. The valve includes a housing 130 bore 62 may be without seals, since any leakage from
having an inlet port 132, a cylinder 134, and a spool 136. 10 the pumping chamber portion will merely pass back
The spool may be cam controlled, as shown in U.S. Pat. into the supply chamber portion. The L-ring section 106
No. 3,763,739, for synchronization with the other gas provides an effective seal between the hot gun gas in the
functions. combustion chamber and the relatively cold liquid in

As shown in FIG. 1, before loading, the valve 128 is the pumping chamber portion, in that there is a differ-
closed and the piston 100 is in its righthandmost position 15 ence in pressure on the piston head which provides for
wherein it is nested with and sealed to the check valve the flow of liquid propellant from the pumping chamber
36. A projectile 26 is inserted into the gun bore 12 and to the combusmpin chamber
the bolt 22 is closed and locked. The spool 136 is shifted o the combustion chamber c pc e an mfo
to the left, opening the valve 128, admitting liquid pro- of gun gas from the combustion chamber to the pump-
pellant under pressure into the manifold 124. Propellant 20 ing chamber.
under pressure passes into the chamber portion 34 and To provide lubrication between the piston head 102
into the longitudinal recesses between the beams 68, and and the wall of the bore 30, a plurality of shallow, heli-
applied pressure against the surface 72 of the portion 64 cal grooves 200 may be provided in the peripheral sur-
to shift the portion, against the bias of the spring 78, face of the piston head, communicating from the left
away from the surface 52, to permit the flow of liquid 25 face 112 to the right face, adjacent 110. Liquid propel-
propellant around the portion 64 and against thesurfaces lant will be forced through these apertures at the same
108 and 110 of the head 102 of the piston. This pressure time as through the bores 116, and will lubricate this
provided by the incoming liquid propellant pushes the interface. All lubricant passing into the combustion
piston head to the left, creating and enlarging the avail- chamber portion will be in a swirl pattern, thus provid-
able volume of a propellant pumping chamber portion 30 ing a film cooling effect to the chamber bore 30, after
129 and decreasing the available volume of the combus- which it will be burned, either as primer, or as part of
ton chamber portion. A small quantity of the liquid the main charge. A fresh supply of lubricant is provided
propellant passes through the bores 116 into the com- during each firing cycle, and will clean out any particles
bustion chamber portion during this shifting of piston which may lodge in the grooves.
head, and thus a quantity of air which had entered when 35 Lubrication of the interface between the piston stem
the bolt was open, plus this quantity of liquid propel- and the check valve sleeve is also provided by the liquid
lant, are compressed and trapped in the combustion propellant.
chamber. The liquid propellant is atomized as it passes The leakage propellant will act as a booster as well as
through the bores, and the total quantity and the size of a primer. The piston compresses air in front of it, and
the droplets is a function, inter alia, of the diameter of 40 then creates a two-phase mixture in front of it, which on
the bores, the configuration of the bores such as axial or ignition, acts as a booster charge. A small booster
impinging (FIG. 4), and the pressure of the liquid pro- charge results in a much faster initial chamber pressure
pellant. When the piston head has reached its maximum rise which improves ballistic efficiency.
excursion in compression, that is, leftmost travel, the What is claimed is:
liquid pressure in the pumping chamber portion 129 45 1. A liquid propellant, regenerative action, gun com-
equals the liquid pressure in the supply manifold 124 prising:
and the supply chamber portion 34, and the spring 78 a cylinder having a longitudinal bore;
drives the sleeve 60 to the right, thereby closinq the a regenerative piston having a head disposed within
check valve 36. This quantity of compressed air and and circumferentially sealed to said cylinder bore;
atomized propellant in the combustion chamber portion 50 ad ircumfea y
adjacent the sparkplug is predetermined and repeatable, said piston head
and serves as a primer for the combustion of the main dividing said cylinder bore into a combustion cham-
charge of propropellant disposed in the supply chamber ber portion and a propellant pumping chamber
portion. Ignition of this primer is provided by the spark- portion,
plug. Ignition of the primer generates combustion gas 55 having a combustion face defining in part said coin-
whose pressure drives the piston to the right to increase bustion chamber portion and a supply face defin-
the volume of the combustion chamber portion and to ing in part said propellant pumping chamber por-
decrease the volume of the pumping chamber portion. tion, and
The difference in areas of the two faces of the piston having a plurality of bores communicating between
generates a difference in pressure in the two chambers 60 said supply face and said combustion face;
so that liquid propellant is continually forced through igniter means disposed within said combustion chain-
the bores 116 into the combustion chamber at a con- ber portion;
trolled rate. The piston head is displaced continually to means for admitting a quantity of gas into said coin-
the right towards the closed check valve 36. As the bustion chamber portion;
piston head closes onto the annulus 74 of the check 65 means for supplying liquid propellant under pressure;
valve the remainder of the liquid propellant trapped supply valve means for coupling and for decoupling
therebetween provides an energy absorbing function said supply means to said propellant pumping
and absorbs the energy of the moving piston head as it chamber portion of said cylinder bore;
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said piston, said gas admitting means, said supply a groove is provided in said piston head peripheral

valve means and said igniter means having a mode surface communicating from said supply face to
of operation such that: said combustion face of said piston head, whereby
initially said piston is so disposed within said cylin- when said valve means couples said supply means

der bore as to provide said pumping chamber 5 to said propellant pumping chamber portion and
portion with substantially zero volume and said liquid propellant under pressure enters said pro-

combustion chamber portion with its maximum pellant pumping chamber portion, a portion of

volume, such liquid propellant passes through said groove

eta quantity 0 in said piston head peripheral surface and serves
thereafter said gas admitting means admitsiuand 10 as a lubricant for the interface of said piston head

of gas into said combustion chamber portion; and peripheral surface and said cylinder bore inner
thereafter said supply valve means couples said sup- wall, as well as a film coolant to said cylinder

ply means to said propellant pumping chamber bore inner wall.
portion to admut a first quantity of propellant under 4. A gun according to claim 3 wherein:
pressure into said pumping chamber portion, which 15 said groove comprises one of a plurality of helically
admission causes translation of said piston head to extending, annularly spaced apart grooves.
increase the volume of said pumping chamber por- S. A process of charging a liquid propellant gun hav-
tion and to decrease the volume of said combustion ing a differential piston with propellant injection bores
chamber and also causes the passage of a lesser therethrough for regenerative injection of propellant
second quantity of propellant from said pumping 20 into the combustion chamber from a propellant pump-
chamber through said plurality of bores in said ing chamber, wherein said piston interfaces both said
piston head into said combustion chamber, said combustion chmber and said pumping chamber, com-
plurality of bores serving to atomize such passed prising:
propellant into droplets, whereby said quantity of translating said piston to provide said pumping chain-
gas and said second quantity of atomized propellant 25 ber with substantially zero volume and said coin-
are compressed in said combustion chamber portion bustion chamber with its maximum volume
adjacent said igniter means and serve as a primer to admitting liquid propellant under pressure into said

be ignited by said igniter means. pumping chamber to translate said piston to in-

2. A gun according to claim 1 wherein: crease the available volume of the pumping chain-
e o g acloing o said projetile r 30 ber and to decrease the volume of the combustion

the opening and closing of said projectile receiving chamber and to concurrently force a quantity of
chamber by said gun bolt serves to admit and trap a propellant from said pumping chamber through
quantity of air in said combustion chamber portion, said injection bores and atomizing said quantity of
which air is compressed subsequently by said piston propellants into droplets and into said combustion
head while liquid propellant passes through said 35 chamber.
bores of said piston head, to provide a two phase 6. A process according to claim 5 further including:

I mixture of gas and atomized liquid propellant in admitting a second quantity of gas into said combus-
said combustion chamber portion. tion chamber;

3. A gun according to claim 1 wherein: compressing said gas and said droplets into a two
said piston head has a peripheral surface which en- 40 phase mixture.

gages the inner wall of said cylinder bore, and
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2

LIQUID PROPELLANT GUN (SCALING WITH DESCRIPTION OF THE PREFERRED
MULTIPLE COMBUSTION ASSEMBLIES) EMBODIMENT

This invention, as shown in FIG. 1. may be incorpo-
BACKGROUND OF THE INVENTION 5 rated in a liquid propellant gun of the type shown by D.

1. Field of the Invention P. Tassie in U.S. Pat. No. 3,763,739. However, the in-
This invention relates to liquid propellant guns utiliz- vention as here shown utilizes a monopropellant, al-

ing a differential piston to provide continued ,:r regen- though the regenerative piston system is applicable to
erative injection of propellant into the combustion bipropellants as well.
chambers after initial ignition of propellant in the cham- 10 The gun system includes a gun barrel 10, having a gun
ber. bore 12, which is fixed in a forward bore 14 of a housing

2. Prior Art 16. The housing has an aft bore 18, with a plurality of
Liquid propellant guns utilizing differential pistons to locking recesses 20, which receives a gun bolt 22 having

pump propellant into the combustion chamber during a plurality of locking lugs 24. A projectile 26 having a
combustion are now well known. Early work is de- 15 rotating band 27 may be inserted through the aft bore 18
scribed in a Final Report of Nov. 19 53-31 Jan. 56 and pushed forwardly into the gun bore 12 by the bolt
under contract DA-36-034-ORD-1504RD, Project TSI- 22, which bolt is then locked in and to the housing. The
47-8 by V. M. Barnes, Jr. et al which apparently in part band 27 makes a gas tight seal with the bore.
corresponds to Jukes et al, U.S. Pat. No. 3,138,990 filed The housing 16 may have one, or as shown in FIG. 5,
Oct. 9, 1961; in a report No. 17-2 of June 15, 1954 under 20 a plurality of combustor assemblies 28. As shown in
contract NOrd-10448 by C. R. Foster et al; and in a FIGS. 1, 2 and 4, each combustor assembly includes a
Final Report of Sept. 1, 1957 under contract NOrd longitudinal bore 30 having a combustion chamber por-

m 16217, Task 1, by L. C. Elmore et al. Other patents of tion 32 and a liquid propellant inlet chamber portion 34.
interest are J. W.- Treat, Jr., U.S. Pat. No. 2,922,341, A coaxial check valve 36 is fixed in the bore 30 and
filed Nov. 7, 1955; E. J. Wilson, Jr. et al, U.S. Pat. No. 25 includes an outer annular housing 38 which is externally
2,981,153, filed Nov. 14. 1952; C. M. Hudson, U.S. Pat. threaded at 40 to engage threads 42 and a shoulder " in
No. 2,986,072. filed Nov. 19, 1952; and E. J. Vass et al, the bore 30, and has a longitudinal bore in three stepped
U.S. Pat. No. 3,690,255 filed Oct. 1, 1970. portions: a portion 46 having the smallest diameter, a

An object of this invention is to provide a rational portion 48 having an intermediate diameter, and a por-
scaling procedure through the use of a plurality of iden- 30 tion 50 having the largest diameter. The housing 39 has
tical combustor assemblies utilizing a differential piston, a left face 52, an internal shoulder 54, an internal shoul-
such combustor assemblies being of a standardized de- der 56, and a right face 58. A sleeve 60 has a longitudi-
sign fully developed through test, therefore allowing nal bore 62, a left, truncated conical, annular portion 4,
any practical number of said combustor assemblies to an intermediate portion provided by a plurality (here
supply gas to various size guns. 35 shown as three) of longitudinally extending, circumfer-

A feature of this invention is the provision that a entially spaced apart, beams 66, and a right portionW standardized combustor assembly may be fully devel- provided a like plurality of heel, enlarged terminations
oped to a high degree of reliability before using these 68 on each beam. The right portion has a left face 70
modules in various size multicell guns. Two or possibly which will abut the shoulder 54, the left portion has a
three different size pistons may be required to cover a 40 right face 72 which will mate with and will seal against
complete range of gun bores. the face 52, a conical, peripheral face 74, and a left face

76. A helical compression spring 78 is disposed between
RELATED CASES the shoulder 54 and face 70 and biases the sleeve 60 to

Subject matter directed to the details of the check the right.
valve disclosed herein is claimed in Ser. No. 694,867 45 A piston 100 has a head portion 102 which slides in
filed by D. P. Tassie on June 10, 1976, and in Ser. No. the combustion chamber portion 32 and a stem porticn
694,868 filed by A. R. Grahm on June 10, 1976. Subject 104 which slides in the bore 62 of the sleeve 60. The
matter directed to the details of the combustoy- assembly head portion has an L-ring longitudinal cross-section
disclosed herein is claimed in Ser. No. 694,866 filed by with an outer-peripheral surface 106 for sliding engage-
A. R. Grahm on June 10, 1976. 50 ment with the wall of the chamber 32, a right transverse

annular surface 108 which will mate with and will seal
BRIEF DESCRIPTION OF THE DRAWING against the face 76, a right conical annular surface 110

These and other objects, advantages and features of which will mate with and will seal against the face 74, a
the invention will be apparent from the following speci- transverse face I11 which will mate with and seal
fication thereof taken in conjunction with the accompa- 55 against the face 52, a left face 112 having a conical
nying drawing in which: recess 114, and a plurality of bores 116 disposed in an

FIG. I is a detail view in longitudinal cross-section of annular row and interconnecting the face 108 with the
a gun incorporating a combustor assembly embodying recess 114.
this invention; The left or gas outlet end of the combustion chamber

FIG. 2 is an enlarged detail of FIG. 1 of the combus- 60 30 of each combustor assembly 28 is closed by a plug
tor assembly in the end of propellant injection mode; 117 which carries a spark plug 118. A respective radial

FIG. : a transver..e view in cross-section taken bore 120 comnmunica es between the respective combus-
along the 1,izne 11-111 of FIG. 2; tion chamber 30 and the left end of the bore 12 adjacent

FIG. 4 is an enlarged detail of FIG. 1 of the combus- the aft end of the projectile 26, or projectile receiving
tor assembly in the propellant filling mode; and 65 chamber.

FIG. S is a transverse view in cross-section of a gun The right or inlet end of each liquid propellant inlet
incorporating a plurality of the combustor assemblies of chamber portion 34 of each combustor assembly opens
FIG. I taken along the folded plane V-V. into an annular passageway or manifold 124, which in

S
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turn is open. at 126, to a propellant supply valve 128. sorb energy and pass through the bores, yet not so cy-
The valve includes a housing 130 having an inlet port lindrical as to trap liquid and prevent such liquid from
132, a cylinder 134, and a spool 136. The spool may be reaching and passing through the bores.
cam controlled, as shown in U.S. Pat. No. 3,763,739, for The interface between the piston stem 104 and the
synchronization with the other gun functions. Although 5 bore 62 may be without seals, since any leakage from
a single tier of eight combustor assemblies is shown, the pumping chamber portion will merely pass back
other configuratlas such as double or triple tiers, and into the supply chamber portion. The L-ring section 106
other convenient arrangements may be employed and provides an effective seal between the hot gun gas in the
are thus not limited to the single tier configuration of combustion chamber and the relatively cold liquid in
FIG. 3. 10 the pumping chamber portion, in that there is a differ-

As shown in FIG. 1, before loading, the valve 128 is ence in pressure on the piston head which provides for
closed and the p' ,on 100 is in its righthandmost position the flow of liquid propellant from the pumping chamber
wherein it is nested with and sealed to the check valve to the combustion chamber, which precludes any flow
36. A projectile 26 is inserted into the gun bore 12 and of gun gas from the combustion chamber to the pump-
the bolt 22 is closed and locked. The spool 136 is shifted 15 ing chamber.
to the left, opening the valve 128, admitting liquid pro- To provide lubrication between the piston head 102
pellant under pressure into the manifold 124. Propellant and the wall of the bore 32, a plurality of shallow, heli-
under pressure passes into the chamber portion 34 and cal grooves 200 may be provided in the peripheral sur-
into the longitudinal recesses between the beams 66, and face of the piston head, communicating from the left
applies pressure against the surface 72 of the portion 64 20 face 112 to the right face, adjacent 110. Liquid propel-
to shift the portion, against the bias of the spring 78,' lant will be forced through these apertures at the same
away from the surface 52, to permit the flow of liquid time as through the bores 116, and will lubricate this
propellant around the portion 64 and against the sur- interface. All lubricant passing into the combustion
faces 108 and 110 of the head 102 of the piston. This chamber portion will be in a swirl pattern, ensuring
pressure provided by the incoming liquid propellant 25 good mixing, and will be burned, either as primer, or as
pushes the piston head to the left, creating and enlarging
the available volume of a propellant pumping chamber part of the main charge. A fresh supply of lubricant isportion 129 and decreasing the available volume of the provided during each firing cycle, and will clean out

combustion chamber portion. A small quantity of the any particles which may lodge in the grooves.
liquid propellant passes through the bores 116 into the 30 Lubrication of the interface between the piston stem
combustion chamber portion during this shifting of and the check valve sleeve is also provided by the liquid
piston head, and thus a quantity of air which had en- propellant.
tered when the bolt was open, plus this quantity of The leakage propellant will act as a booster as well as
liquid propellant, are compressed and trapped in the a primer. The piston compresses air in front of its, and
combustion chamber. The liquid propellant is atomized 35 then creates a two-phase mixture in front of it, which on
as it passes through the bores, and the total quantity and ignition, acts as a booster charge. A small booster
the size of the droplets is a function, inter alia, of the charge results in a much faster initial chamber pressure
diameter of the bores, the velocity of the piston and the rise which improves ballistic efficiency.
pressure of the liquid propellant. When then piston head This scaling concept may be best understood by illus-
has reached its maximum excursion in compression, that 40 tration. Assume that a combustor assembly or cell has
is, leftmost travel, the liquid pressure in the pumping been developed such that six such cells provide the
chamber portion 129 equals the liquid pressure in the necessary gas supply to fire a 3 inch gun. A 4 inch gun
supply manifold 124 and the supply chamber portion 34, having the same charge to mass ratio would require
and the spring 78 drives the sleeve 60 to the right, exactly (4 inch/3 inch)2 X 6 cells = 10.67 cells. One
thereby closing the check valve 36. This quantity of 45 would select 10 cells and increase the storke length
compressed air and atomized propellant in the combus- slightly to make up for the "0.67" not accounted for.
tion chamber portion adjacent the sparkplug is prede- Likewise a 5 inch gun would require 16 cells. As many
termined and repeatable, and serves as a primer for the cells may be used as desired, but at this point one might
combustion of the main charge of propellant disposed in consider a second size cell to cover the 5 to 10 inch
the supply chamber portion. Ignition of this primer is 50 range. Clearly the charge to mass ratio may be changed
provided by the sparkplug. Ignition of the primer gen- for a given size gun bore by varying the number of cells
erates combustion gas whose pressure drives the piston or stroke length.
to the right to increase the volume of the combustion By developing two or three standard combustor as-
chamber portion and to decrease the volume of the semblies it is possible to cover all gun sizes of interest. It
pumping chamber portion. The difference in areas of 55 is possible to develop such standard combustor assem-
the two faces of the piston generates a difference in blies to a high degree of reliability, and in an economical
pressure in the two chambers so that liquid propellant iF manner, since basic development will be accomplished
continually forced through the bores 116 into the com- in a single cell type fixture or gun. Each piston devel-
bustion chamber at a controlled rate. The piston head is oped will employ a maximum length piston stem operat-
displaced continually to the right towards the closed 60 ing at the maximum piston velocity to ,.t expected
check valve 36. As the piston head closes onto the annu- under any condition since this represents a limiting
lus 74 of the check valve the remainder of the liquid condition from the damping standpoint.
propellant trapped therebetweeen provides an energy In order to employ such a piston for smaller propel-
absorbing function and absorbs the energy of the mov- lant charges, the stroke length is changed by shortening
ing piston head as it impacts against the check valve 65 the piston stem and supply chamber by equivalent
annulus, without any ullage. The interface surfaces 110 amounts.
and 74 should be conical, approaching a cylinder, to It is desirable to journal the pistons 100 for reciproca-
provide maximum travel time for trapped fluid to ab- tion along respective axes which are parallel to the axis
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of the gun bore, thereby precluding any side fictional formly spaced apart, parallel to each other and to
loading of the pistons during gun recoil, said first longitudinal axis and uniformly spaced

What is claimed is: from said first longitudinal axis, each of said plural-
1. A liquid propellant gun comprising: ity of combustion chamber also including a respec-
a gun barrel having a bore and a projectile receiving 5 tive one of a like plurality of igniter means; and

chamber, both disposed along a first longitudinal conduit means coupling each of said combustionIa' axis;

an annular row of a plurality of combustor assemblies, chambers to said projectile receiving chamber for
each respectively comprising a liquid propellant transmitting combustion gas from each said corn-
supply chamber, a combustion chamber and a re- 10 bustion chamber to said projectile receiving cham-

generative piston for pumping liquid propellant ber.
from said supply chamber into said combustion 2. A gun according to claim I wherein:
chamber, each respectively disposed along a re- said plurality of combustor assemblies is equal to or
spective one of a like plurality of second longitudi- greater than three in number.
Pal axes, said second longitudinal axes being uni- 15 * *
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bolt is closed by a seal ring which is carried by the bolt.
RENEWABLE LIQUID INVESTMENT SEAL In most such guns, the seal ring is stressed by the com-

bustion gas. There is a small initial leakage which causes
BACKGROUND OF THE INVENTION heating and erosion of the seal ring. and often allows

1. Field of the Invention 5 foreign particles to enter the gap and to interfere with
This invention relates to a liquid seal for combustion the seating of the seal ring. In U.S. Pat. No. 3,783,737,

L3 apparatus, especially adapted for use in liquid propel- which uses a pre-stressed ring seal, this problem is obvi-
lant, or caseless, or revolver type guns. ated; however, the metal-to-metal contact does eventu-

2. Prior Art ally result in frictional wear, galling and fatigue.
Annular seals are well known, and are shown, for t0 To overcome all of these disadvantages this invention

examzple, in Hasek, U.S. Pat. No. 2,117,885; Asbury, provides a liquid which is used to fill or to invest the
U.S. Pat. No. 1,376,130; Gerdom, U.S. Pat. No. 539,733; joint or gap between the bolt and the combustion cham-
Thierry, U.S. Pat. No. 3,006,254; Wankel, Germany ber at a pressure which is higher than the pressure of the
DAS 1,096,697; and Ashley, U.S. Pat. No. 3,783,737. combustion gas in the chamber, so that the investment
Each of these seals functions by stressing a ring into 15 liquid will flow into the chamber, rather than the coin-
abutment with a bore to provide a close surface contin- bustion gas flowing into the joint. Flow control rings
uum, and is more or less effective for a limited number may be used to limit the rate of flow of the investment
of firings, liquid to minimize the loss of the investment liquid.

FIG. 1 shows a combustion chamber 10 in a gun
SUMMARY OF THE INVENTION 20 barrel 12 which is fixed to a barrel extension 14, having

Liquid propellant guns, other guns firing caseless a longitudinal bore or antechamber 15 having a conical
ammunition, and revolver type guns must be provided transition portion 16 and a reduced diameter portion 17.
with seals to prevent the escape of gas from t&- firing Two concentric sleeves 18 and 20 are disposed in the
chamber during a repeated number of firings. bore 15 which is capped by an L-ring 22 which is fixed

An object of this invention is to provide a seal for 25 to the extension 14 and extends within the bore 15. The
such guns which is effective during a repeated number L-ring 22 has a longitudinal bore 24, and an outer ring
of firings, seal 26 and an inner ring seal 28. The outer sleeve 18 has

A feature of the invention is the provision of a liquid a forward annular rib 30 with an outer ring seal 32 and
investment seal for the firing chamber of a gun which is an aft annular rib 34 with an outer ring seal 36, a for-
renewed at the commencement of each firing. 30 wardmost, inwardly projecting nose cone section 38,

and a plurality of radially extending bores 40 located
BRIEF DESCRIPTION OF THE DRAWING between the ribs. The inner sleeve 20 has an intermedi-

FIG. 1 is a longitudinal cross-section of a firing chain- ate annular rib 42 having an outer ring seal 44 and an
ber for a liquid propellant gun, of the type shown, for inner ring seal 46, and its aft end extends within the bore
example, by Tassie in U.S. Pat. No. 3,763,739, issued 35 24 against the ring seal 28.
Oct. 9, 1973, showing a bolt incorporating this inven- The gun bolt 48, which may be locked to the barrel
tion in its closed and locked disposition; extension by conventional means, such as wing locks 49,

FIG. 2 is a transverse cross-section of the chamber of is disposed within the bore 24, and within the inner
FIG. 1, taken along the plane II-II; sleeve 20, against the ring seal 46, and is reciprocatable

FIG. 3 is a detail view, in longitudinal cross-section, 40 into the aft portion of the combustion chamber 10. A
of the chamber of FIG. 1, showing the bolt in its un- transverse bore 50 extends through the gun barrel 12
locked and propellant filling disposition; into the aft portion of the combustion chamber, and a

FIG. 4 is an enlarged detail view, in longitudinal spark plug 52 is fixed therein.
m cross-section, of the bolt and the chamber of FIG. 1, An annular recess 54 may be provided in the interface

showing the generation of the liquid investment seal; 45 between the gun barrel 12 and the extension 14 about
FIG. 5 is a schematic of a portion of a revolver having the cahmber 10 with a drain passageway 56 and an

a firing chamber and a portion of a gun barrel, incorpo- annular relief valve 58.
rating this invention; * The gun bolt 48 comprises a bolt aft body 60, a bolt

FIG. 6 is a longitudinal cross-section of portions of a forward body 62, and a tubular coupler 64 which fixes
firing chamber and a gun barrel incorporating the 50 together the bodies 60 and 62. The composite body has
mechanism of FIG. 5; a blind longitudinal bore 66 in which are disposed a

FIG. 7 is a transverse cross-section of the mechanism helical compression spring 68 and a piston 70. The aft
of FIG. 5 taken along the plane VII-VII; portion of the piston has a longitudinally extended,

FIG. 8 is a chart showing chamber pressure and seal- diametrical slot 72 in which is disposed a cross-pin 74
piston stroke against time using "decalin" as an invest- 55 whose ends extend into a diametrical bore in the bolt
ment material; and, body. The cross-pin thus captures the piston within the

FIG. 9 is a chart showing chamber pressure and seal- bore 66 while permitting limited reciprocation therein.
piston stroke against time using grease as an investment The piston captures the spring 68 within the bore, while
material. the spring biases the piston forwardly. The piston has a

60 head which at its forwardmost end is disk-shaped as at
DESCRIPTION OF THE FIRST EMBODIMENT 78 with a conical transition portion 80 leading to the

stem 82. The forward portion of the bore 66 is enlarged

In guns firing conventional cased ammunition, the in a cone-shape, as at 84, to mate with conical portion 80
interface between the combustion or firing chamber and of the piston head.
the gun bolt is sealed by the cartridge case. A new case 65 The longitudinal length of the sleeve 18, from its
is provided for each firing. in many prior art guns utiliz- forwardmost portion 38 to its aftmost portion 34 is
ing liquid propellant to fire a projectile without a car- shorter than the longitudinal length of the bore 15 from
tridge case, the interface between the chamber and the its forwardmost conical surface 16 to its aftmost trans-
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verse surface provided by the ring 22. Thus the sleeve DESCRIPTION OF THE SECOND
18 is free to slide to and between a forwardmost position EM SODIPT OF THE SENON
shown in FIG. I and an aftmost position shown in FIG. EMBODIMENT OF THE INVENTION
3. Similarly. the longitudinal length of the sleeve 20 The invention may also be utilized to seal a revolver
between it forwardmost end and the annular rib 42 is 5 to a gun barrel. An exemplary revolver gun is shown in
shorter than the open length of the bore 15. When both the Final Report, 19 Nov. 1953-31 Jan. 1956, under
sleeves are in their forwardmost positions a void 90 is contract DA-36-034-ORD-1504RD, Project TSI-47-8.
defined in which is received a quantity of gas under page 31. FIG. 16. As is schematically shown in FIG. 5,
pressure, supplied from a source, not shown, via a con- a revolver 100 has a transverse forward face 102 which
duit 91 assembly. This gas serves as a gas spring, biasing 10 is spaced by a leakage interface 104 from a transverse aft
the sleeves towards their forwardmost positions. face 106 of a gun barrel 108. The inner wall 110 of a

The barrel extension 14 also has a radial bore 92 chamber 112 of the revolver is aligned with the inner
which opens into the bore 15 between the ribs 30 and 34 wall 114 of the bore 116 of the gun barrel. Conventional
of the sleeve 18 when the sleeve IS is in either its fore or means 117 provide combustion gas to the chamber 112.
aft position. The extension also has a radial bore 94 15 or the system shown in FIG. I may be utilized. A cylin-
which opens into the bore IS forward of the annular rib der 118 is provided in the wall of the revolver and has
30 when the sleeve 18 is in either its fore or aft position. a combustion gas inlet port 120. A piston 122 having a
In a liquid propellant gun of the type taught in U.S. Pat. head 124 and a stem 126 is disposed in the cylinder. The
No. 3,763,739, a measured quantity of liquid fuel is cylinder also has an outlet port 130 which communi-
pumped through the bore 92 while a measured quantity cates with an annular recess 132 cut into the surface 102
of liquid oxidizer is pumped through the bore 94. These and coaxial with the chamber 112. A pair of flow con-

q liquids force the sleeves aft, against the bias of the gas trol L-shaped rings 134 and 136 may be disposed in the
spring, so that fuel passes through the radial bores 40 in recess. The cylinder below the piston head is filled with
the sleeve 18, then forwardly between the sleeves, then a suitable investment liquid such as grease which can be
around the head of the piston and into the combustion 25 pumped by the piston head through the recess and into
chamber; while oxidizer passes around the conical por- the leakage interface 104. As before, the investment
tion of the sleeve 18 into the combustion chamber. liquid will be pumped into the leakage interface at a
When the supply of fuel and oxidizer under pressure pressure which is higher than the pressure of the com-
ceases, the gas spring biases the sleeves forwardly, as 30 bustion gas, and which is equal to the piston head trans-
shown in FIG. 1, to provide a seal between the sleeves verse area divided by the difference of the piston head
20 and 18 and the barrel extension, forward of the sup- transverse area and the piston stem cross-sectional area,
ply bores 92 and 94. The annular flows of fuel and oxi- all multiplied by the combustion gas pressure.
dizer guided by the sleeves 18 and 30 intermix to fill the As shown in FIGS. 6 and 7, the piston and the invest-
combustion chamber with a relatively homogeneous 35 ment liquid may be retained in the cylinder by means of
mixture. A quantity of this liquid mixture is trapped in a plug 140. Suitable means for automatically charging
the annular void between the aft conical surface of the the cylinder with a supply of grease between bursts of
head of the piston and the mating conical surface of the firing may be provided by an auxiliary pumping system,
bolt body. As shown in FIG. 4, a leakage interface Z not shown.
exists between the bolt body and the piston stem, a 40 The flow control rings are forced into the leakage
leakage interface Y exists between the bolt body and the interface 104. The rate of flow permitted by the rings is
barrel, and a leakage interface X exists between the determined by surface conditions. Flow towards the
piston head and the barrel. To permit a more generous atmosphere should be held to a minimum, while flow
clearance between the bolt body and the chamber wall towards the chamber/bore should be more generous to
of the barrel, an L-ring seal 96 may be disposed in an 45 fill the interface joint to preclude combustion gas from
annular notch 98 cut into the forward-outer corner of entering. Investment liquid, such as Molybdenum disul-
the bolt body. This ring differs from a conventional seal phide. should be selected to meet the high temperature
in that no preload against the chamber wall is necessary. and high pressure conditions provided by the combus-

When ignition is provided by the spark plug, the tion gas.
mixture of fuel and oxidizer forward of the piston head 50 FIG. 8 shows piston stroke and chamber pressure
adjacent the spark plug burns and generates combustion versus time in a mechanism shown in FIG. 1 utilizing
gas under relatively high pressure. This gas pressure is decalin as the investment liquid.
communicated to the piston head, biasing it aft against FIG. 9 is similar to FIG. 8, but utilizing a MIL-G-
the return spring. The liquid trapped or invested behind 3278A grease.
the piston head is under a relatively higher pressure 55 What is claimed:
than the combustion gas, which is equal to the piston 1. An engine comprising:
head transverse area divided by the difference of the a combustion chamber;
piston head transverse area and the piston stem cross- a first means cyclically reciprocatable between a first
sectional area, all multiplied by the combustion gas station for closing one end of said combustion
pressure. The invested liquid flows out of the interfaces 6o chamber and a second station for upening said one
X, Y. and Z at this relatively high pressure. This for- end of said combustion chamber;
ward flow at X, being at a higher pressure than the said first means, when closing said combustion
liquid or gas pressure in the chamber forward of the chamber, having a common interface therewith:
piston head. precludes any flow aftward of combustion second means for providing combustion gas at a vari-
gas at X. The use of the L-ring seal 96 effectively pre- 65 able first pressure in said chamber:
cludes any sitgnificant flow of investment liquid at Y, third means for providing a liquid into said common
which wsould other-ise ultimately pass to the atmo- interface at a variable second pressure which is
sphere. always greater than said first pressure, whereby
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such liquid seals said common interface and a por- head aft face at a second pressure which is greater
tion thereof flows into said combustion chamber. than said first pressure.

2. An engine according to claim 1, wherein: 9. A gun according to claim 8 wherein:
said third means includes said gun bolt is adapted to be locked to said gun bar-

a pump having 5 rel, in which disposition said piston head and the
a supply of such liquid having an outlet communi- forward portion of said bolt body enter the aft por-

cating with said common interface, and tion of said chamber, said piston head defining a
a piston having a first face of a first cross-sec- first transverse clearance gap with respect to the

tional area communicating with said combus- adjacent wall of said chamber and said bolt body
tion chamber, and a second face of a second 10 forward portion defining a second transverse clear-
cross-sectional area, which is smaller than said ance gap with respect to said adjacent wall of said
first area, communicating with said supply of chamber which is less than said first gap.
such liquid. 10. A gun according to claim 8 further including:

3. An engine according to claim 1 wherein: spring means coupled to and between said bolt body
said engine is a gun; 15 and said piston to urge an increase in the longitudi-
said combustion chamber is part of a gun bore; and nal size of said void, and wherein
said first means is a breech block force applied to said piston head forward face urges a
4. An engine according to claim 1 wherein: decrease in the longitudinal size of said void.said engine is a gung 11. A gun for firing liquid propellant comprising:

said combustion chamber is part of a gun bore; and 20 a gun barrel having a bore, a combustion chamber and
said first means is a gun bolt. an antechamber in serial, longitudinal alignment,

5. An engine comprising: an inlet port opening into said antechamber,

a combustion chamber having an outlet port; a bolt journaled for longitudinal reciprocation and

a conduit for juxtaposition with said outlet port; having at least two longitudinal dispositions,
25 a first disposition, whereat said bolt is aft of saidsaid conduit, when juxtaposed with said outlet port, inlet port. and permits liquid flow from said inlet

havingport to said combustion chamber, and
first means for providing combustion gas at a variable a second disposition, forward of said first dispo-

first pressure in said chamber; sition, whereat said bolt obturates said combus-
second means f,. providing a liquid into said common 30 tion chamber and precludes liquid flow between

interface at a variable second pressure which is said inlet port and said combustion chamber;
always greater than said first pressure, whereby said bolt including:
said liquid seals said common interface and a por- a bolt body having a longitudinal bore therein,
tion thereof flows into said combustion chamber. a piston having a head disposed forward of said

6. An engine according to claim 5, wherein: 35 body and a stem journaled for limited reciproca-
said second means includes tion in said bolt body bore,

* a pump having said piston head having a forward face of a first
. a supply of such liquid having an outlet communi- cross-sectional area, and an aft face of a second

caing cross-sectional area, which is less than said first
ith said common interface, and 40 cross-sectional area.

a piston having a first face of a first cross-see- means urging said piston forward of said bolt body,
tional area communicating with said combus- whereat said aft face of said piston head is spaced
tion chamber, and a second face of a second forward of said bolt body to mutually define a
cross-sectional area, which is smaller than said void;
first area, communicating with said supply of 45 said void adapted to receive liquid from said inlet
such liquid. port when said bolt is in its first disposition, and to

7. An engine according to claim 5 wherein: trap liquid, in conjunction with the wall of said
said engine is a gun; combustion chamber, when said bolt is in its sec-
said combustion chamber is part of a revolver; and ond disposition,
said conduit is a gun bore. 50 said bolt having a mode of operation such that force
S. A gun comprising: applied to said piston head forward face by combus-
a gun barrel having a combustion chamber; tion gas at a first pressure in said combustion cham-
a gun bolt for closing one end of said chamber; ber is communicated to liquid trapped in said void
said bolt including: by said piston head aft face at a second pressure
a bolt body having a longitudinal bore therein, 55 which is greater than said first pressure.
a piston having a head disposed forward of said body 12. A gun according to claim 11 further including:

and a stem journaled for reciprocation in said bolt a sleeve journaled for reciprocation on said bolt body
body bore, and having a first disposition for permitting the
said piston head having a forward face of a first flow of liquid from said inlet port towards said

cross-sectional area proximal to and in communi- 60 combustion chamber, and a second disposition for
cation with said chamber, and an aft face of a precluding the flow of liquid from said inlet port
second cross-sectional area, which is less than towards said combustion chamber;
said first cross-sectional area, and which is spaced spring means urging said sleeve to said second dispo-
from said bolt body to mutually define a void; sition; and

means for trapping liquid in said void; and 65 having a mode of operation such that the flow of
having a mode of operation such that force applied to liquid under pressure from said inlet port serves to

said piston head forward face at a first pressure is displace said sleeve to said first disposition.
communicated to liquid in said void by said piston 13. A gun according to claim 11 wherein:
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said bolt body forward portion has a diameter which

said bolt body has a forward transverse face adapted is greater than the diameter of said piston head.
15. A gun according to claim 14 wherein said diame-

to nest with said piston head aft face. ter of said bolt body forward portion is provided by an
5 L-ring seal which communicates with said void.

14. A gun according to claim 13 wherein:
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FIGS. 4A, 4B, 4C, and 4D are schematic detail views
LIQUID PROPELLANT WEAPON SYSTEM of additional species of cavity generators embodying

RELATED CASE this invention;
FIGS. 5A and 5B are schematic longitudinal cross-

This application is a division of Ser. No. 575,283, filed 5 section views of two species of a cased, pre-loaded
May 7, 1975, now U.S. Pat. No. 4,011,817. This applica- liquid propellant round of ammunition embodying this
tion is also a division of Ser. No. 707,144, filed July 20, invention;
1976, which was a division of Ser. No. 469,507, filed FIGS. SC and 5D are schematic longitudinal cross-
May 13, 1974, now abandoned. section views of a stub-cased, in-the-gun-filled round of

10 ammunition before and after loading with liquid propel-
BACKGROUND OF THE INVENTION lant, respectively, and embodying this invention;

1. Field of the Invention FIGS. 5E and SF are schematic longitudinal cross-
This invention relates to weapons systems employing section views of a caseless, in-the-gun-filled round of

a liquid propellant, and particularly to such systems ammunition before and after loading with liquid propel-
wherein the propellant is continuously pumped into the 15 lant, respectively, and embodying this invention; and
combustion chamber aft of the projectile as the projec- FIG. 6 is a detail view in longitudinal cross-section of
tile advances along the firing bore. the round of FIG. SD.

2. Prior Art DESCRIPTION OF THE EMBODIMENTS
In my earlier patent application, Ser. No. 469,507,

filed May 13, 1974, now abandoned, and continued as 20 Taylor cavity formation and subsequent Helmholtz
Ser. No. 707,143 and Ser. No. 707,144, both filed July mixing are considered fundamental mechanisms in bulk-
20, 1976, 1 disclosed a gun and ammunition system uti- loaded liquid propellant guns. Behavior of the liquid gas

lizing a round of ammunition carrying a relatively nar- interface, and hece of combustion processes, are attrib-

row diameter and relatively high mass projectile in a uted to these phenomena. The dynamics of two-phase

relatively wide and relatively low mass sabot which is 25 flow under accelerations as extreme as those in guns
initially accelerated by a primary propellant charge in support this supposition, and evidence exists to confirmthe combustion chamber aft of the projectile and which it. Though chamber pressures are higher than critical.

and transition between phases takes place differently
is passed during a relatively extended period of time to than at lower pressure levels, large density differences -
the combustion chamber. Additional prior art is cited 30 must exist between burned and unburned charges. The
and discussed in that application which is hereby incor- less dense regions of combustion products undoubtedly
porated by reference. migrate through the denser unburned propellant. Much

SUMMARY OF THE INVENTION turbulence and liquid break-up certainly occurs.
FIG. I shows a liquid propellant traveling charge 10

An object of this invention is to provide a gun and 35 behind a projectile 12 in a bore 14 in a gun barrel 16.
ammunition system utilizing a liquid propellant travel- Acceleration is taking place toward the right. Behind
ing charge which is simpler than the area differential the liquid charge is shown a new component: a cavity
system disclosed in Ser. No. 469,507 supra. generator 18. This is here shown as an ogive having a

A feature of this invention is the provision of a gun circular arc body of revolution. Behind the cavity gen-
and ammunition system which utilizes the difference in 40 erator 18 is the combustion zone 20 containing the hot
density between the combustion gases and the charge of gases which constitute the products of combustion. The
liquid propei!,nt as the source of energy for the injec- cavity generator substantially separates the main body
riot of propellant into the combustion chamber. of the liquid charge from the combustion gases.

During the combustion of the propellant, an ex- The design of the cavity generator IS gives it another
tremely steep inertial gradient exists between the face of 45 more significant function. It is constructed so that its
the gun bolt and the projectile; and the lighter combus- density is less than that of the liquid charge 10 surround-
tion gas propagates forwardly into the liquid charge of ing it. In the high inertial gradient associated with accel-
propellant. An injector device is provided which has a eration in the gun barrel, the lighter cavity generator
lower average density than the density of the liquid will tend to penetrate the liquid charge. This is analo-
charge and which utilizes this difference in density to 50 gous to the penetration of gas in the Taylor cavity the-
control the entrance of liquid propellant in the combus- ory as applied to guns. As the cavity generator pene-
tion zone or chamber. The injector device also defines trates, it will displace liquid which necessarily flows
and controls the interface between the liquid propellant rearward of the generator in a relative sense. The cavity
and the combustion gas and provides a true traveling generator thus acts as an injector system, controlling
charge effect. 55 the rate at which liquid charge enters the combustion

BRIEF DESCRIPTION OF THE DRAWING zone. As it penetrates into the liquid charge, the cavity
generator literally shapes and controls a quasi-Taylor

These and other objects, features, and advantages of cavity.
this invention will be apparent from the following speci- FIG. 1 shows the cavity generator as a solid displace-
fication thereof taken in conjunction with the accompa- 60 ment body of appropriate density to aid in visualization.
nying drawing in which: However, a solid body of revolution is not necessarily

FIG. 1 is a schematic view of a gun and ammunition the most practical arrangement for actual application. It
system embodying this invention; occupies volume in the chamber before firing, and it

FIGS. 2A, 2B, 2C, and 2D are schematic views of must be expelled as debris after the projectile leaves the
various species of cavity generators embodying this 65 muzzle. It is advantageous to reduce its bulk.
invention; One way of reducing the bulk of the cavity generator

FIGS. 3A and 3B are schematic views of a fin-stabil- is to make the generator hollow. Instead of a solid body,
ized cavity generator embodying this invention; it becomes a thin shell, open at the rear and filled with

K
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combustion gas. The products of combustion will have filling operations, reference should be had to my disclo-
variable density as pressure changes, but the average sure in U.S. Pat. Application Ser. No. 469,507, filed
density of the products of combustion and the generator May 13, 1974.
will always be less than that of the unburned liquid It is necessary to initiate the inertial field which pro-
charge. 5 duces the Taylor cavity behind the injector quickly,

In this approach, the lightest, thinnest design is uti- before combustion progresses out into the charge ahead
lized. The cavity generator acts more as a gas-filled of the cavity generator 30. FIG. 6 shows a stub case,
balloon or membrane than as a solid displacement body. dry loaded, in-the-gun-filled round of ammunition, simi-

Other species have utility. Multiple shells can be used lar to that shown in FIG. 5D. The stub case 100 is
in place of a single one. and possibilities arise for vary- 10 locked into the chamber 102 of the barrel 104 by a bolt
ing the character of propellant flow into the combustion 106. A projectile 108 closes the open end of the case. A
zone. cavity generator 110 is disposed within the bore 111 of

FIGS. 2A through 2D show four different examples the case against the base 112 thereof. The bore 111 has
of cavity generator design, each of which will produce a portion of smallest diameter lla adjacent the base, aI its own pattern of propellant flow. FIG. 2A shows a 15 portion of enlarging diameter lllb, and a portion of
single shell 30 construction, providing a conventional largest diameter 1l1c adjacent the mouth of the case.
Taylor cavity configuration with a single wall of fluid The outside diameter of the base of the generator is
32. FIG. 2B shows a single shell 34 having a central made equal to the inside diameter of the bore portion
bore 35, providing a single outer wall of fluid 36 and a lila. A primer 114 is fixed in a cup 116 in the base 112
central column of fluid 38. FIG. 2C shows a single shell 20 and communicates through a flash bore 118 with a
40 having an annular row of bores 42, providing a single booster 120 which is fixed to the base within the case

_ outer wall of fluid 44 and an annular row of columns of and within the generator 110. Liquid propellant is
fluid 46. FIG. 2D shows a single shell 48 having an charged into the case through a port 122 in the case
annular row of flutes 50 in the surface thereof, provid- from a valving system which is not shown. The charge
ing a single outer wall of fluid 52 with an annular row of 25 of liquid propellant displaces the projectile forwardly
ridges 54. into the bore 124 of the barrel 104. The primer is fired

One or more stabilizing fins 60 may be provided as to initiate the booster to generate hot gas for the ignition
shown in FIGS. 3A and 3B to maintain the generator on of the charge of liquid propellant. At first, the booster-
a longitudinal axial path while providing a thick outer generated gas is confined within the hollow shell of the
wall of fluid. 30 generator 110. The pressure of the booster-generated

Features incorporated into cavity generator design gas begins to accelerate the assembly of the generator,
can further modify the character of the propellant/gas the charge of liquid propellant and the projectile, which
interface. FIGS. 4A through 4D illustrate a number of assembly will travel a distance (X) before the hot boost-
species. Each of these will affect the nature of the pro- er-generated gas and the liquid propellant will meet.
pellant surface exposed to combustion products, with 35 This distance (X) is predetermined by the longitudinal
resultant effect upon burning, length of the bore portion lila in the case. The rate ofFIG. 4A shows a series of serrations 62 provided in initial intermixing of the hot gas and the propellant can
the trailing edge of the shell 30 and bent outwardly to be controlled by varying the taper of the diameter of the
act as flow spoilers. FIG. 4B shows a series of tabs 64 bore portion l11b. The stabilizing fin 60 of FIG. 3A, if
spaced by apertures 65 and webs 66 from the trailing 40 required, may extend from the forward part of the gen-
edge of the shell 30 and bent inwardly to deflect por- erator to the bore portion 111a
tions of flowing outer wall of liquid into the combustion A simplified analysis of the cavity generator system
chamber. FIG. 4C shows a swirl generator 68 disposed follows: Muzzle velocity and pressure-time relation-

7in each bore 35 or 42. FIG. 4D shows a closure with a
plurality of small orifices 70 disposed in each bore 35 or 45 ships in the chamber are the parameters of most interest
42 for the injection of streams of propellant into the in assessing performance. Turning again to the basic
combustion chamber. arrangement illustrated in FIG. 1, the key factor in

The cavity generator represents debris which nfust controlling combustion is the rate at which propellant
leave the muzzle of the gun behind the projectile. Un- enters the combustion zone from around the periphery
less it is made completely frangible or consumable, the 50 of the cavity generator. This, in turn. is a direct result of
cavity generator concept is not as well adapted to air- the rate at which the cavity generator penetrates the
craft guns as to ground-based applications. The lowest unburned charge, for it is this action which displaces
possible weight is necessary, however, and the mass fluid rearward into the combustion chamber. The first
expelled must be minimal for most applications. step, therefore, is to establish the velocity of the cavity

The cavity generator leaves the gun concurrently 55 generator relative to the liquid charge and projectile.
with the projectile and so has the advantage of being a From equations for the cavity generator and the liq-
one-shot component. It is most practical to combine the uid charge, an expression has been developed for the
cavity genciator with a priming system and to supply velocity with which the cavity generator penetrates the
these components to the gun together with the projec- charge, as a function of various parameters. The expres-
tile. Such an approach proves to be quite flexible in its 60 sion for penetration velocity is:
applicability. FIGS. SA through 5F illustrate three
different arrangements. FIGS. 5A and 5B show a fully
preloaded. cased configuration round, as employed in 2ac.,J -I
guns handling conventional ammunition. FIGS. SC and L

5D show a stub-case, dry-loaded round in-the-gun-filled 65 At -
configuration. FIGS. SE and SF show a caseless, gener- t.
ator and projectile individually loaded round, in-the-
gun-filled configuration. For details of the loading and where
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V2 = penetration velocity translating said generator forwardly into said charge
a = projectile acceleration of liquid propellant to enlarge said combustion cav-
Yco = specific gravity of cavity generator ity and to pass liquid propellant aftwardly into said
YL = specific gravity of liquid propellant cavity.
VcG = volume of cavity generator 5 2. A method according to claim 1 further including:

A, = cavity generator base area finely dividing the liquid propellant as it is passed into
A, = bore area the combustion cavity.
Penetration velocity gives a measure of the flow rate 3. A method according to claim 1 further including: -

of propellant into the combustion zone. This can be passing the liquid propellant into said combustion
combined with equations for the energy balance within 10 cavity at a rate which is a function of the penetra-
the gun chamber to calculate chamber pressure and tion velocity of the generator into the charge of
projectile motion as functions of time. liquid propellant.

What is claimed is: 4. A method according to claim 1 wherein:
1. A method of propelling a projectile from a bore of said cavity generator has a forward face and an aft

a gun comprising: is face, the cross-sectional area of said forward face
providing a series in said bore of said gun a projectile, being equal to the cross-sectional area of said aft

a charge of liquid propellant aft of said projectile, face.
and a cavity generator aft of said projectile and said 5. A method according to claim 1 wherein:
charge; the average density of said cavity generator is less

providing a volume of combustion gas in said bore of 20 than the average density of said charge of liquid
said gun aft of said cavity generator to create a propellant.
combustion cavity; and *
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4 round which is passed during a relatively extended
LIQUID PROPELLANT WEAPON SYSTEM period of time to the combustion chamber.

This application is a continuation of Ser. No. 469,507, BRIEF DESCRIPTION OF THE DRAWING

filed May 13, 1974, now abandoned. 5 These and other objects, features and advantages of
this invention will be apparent from the following speci-

BACKGROUND OF THE INVENTION fication thereof taken in conjunction with the accompa-
I. Field of the Invention nying drawing in which:
This invention relates to weapon systems employed a FIG. I is a view in longitudinal cross-section of an

liquid propellant, and particularly to such systems 10 idealized round of ammunition having a sabot and a
wherein the propellant is continuously pumped into the system to regeneratively pump liquid propellant, the
combustion chamber as the projectile advances along round is here shown in its telescoped, minimum length
the firing bore. configuration, without liquid propellant;

2. Prior Art FIGS. 2A through E respectively illustrate, within
Weapons systems providing traveling charge effects 15 the gun bore, the

on projectiles, or rockets, or other related systems, are A. before charging with liquid propellant configura-

shown, for example, in U.S. Pat Nos. 3,431,816; tion,
3,411,403; 3,459,101; 3,496,827; 3,601,056; 3,613,499; B. after charging with liquid propellant and ready for
3,628,457; 3,648,616; 3,665,803; 3,696,749; 3,698,321; initiation of the primer configuration,
3,712,171; and 3,728,937. In a final report for the Bureau 20 C. shortly after initiation and commencement of in-

of Ordnance, Department of the Navy, under Contract jection of liquid propellant into the combustion

NOrd 16217 Task 1, dated September 1, 1957, work was chamber configuration,

described on a propellant carrying projectile. "T7his D. midbore configuration, and
E. bore exiting and sabot stripping configuration, inprojectile contained approximately 100 grams of 25 the sequence of operations of the round of FIG. 1.

drazine, hydrazine nitrate, water monopropellant (63, FIG s aew of onitinl cross-section.of.32, nd % byweiht rspetivly).Upo igntio of FIG. 3 is a view in longitudinal cross-section of a
32, and 5% by weight respectively). Upon ignition of second embodiment of this invention;
the primary bipropellant charge in the breech, regener- FIG. 4 is a view in longitudinal cross-section of a
ative injection of the bipropellants progresses in the third embodiment of this invention;
usual manner, and the projectile is accelerated. The 30 tId embodet of hsrinto30 FIG. 4a is a detail of a variant of the embodiment
accelerating forces upon the projectile components are shown in FIG. 4;
so adjusted as to produce relative motion between the FIGS. 5 and 6 are views in longitudinal cross-section
projectile body and the center plunger. This motion of a fourth embodiment of this invention;
expels the extrapped monopropellant rearward past the FIG. 7 is a view in longitudinal cross-section of a fifth
fragile seal disk into the hot combustion chamber gases, 35 embodiment of this invention;
where it burns while the projectile is accelerated." The FIG. 8 is a view in longitudinal cross-section of a
projectile apparently comprised a forward solid cylin- sixth embodiment of this invention;
drical projectile whose outer wall engaged the inner FIGS. 9 and 10 are views in longitudinal cross-sec-
wall of the firing bore, an intermediate, longitudinally tion of a seventh embodiment of this invention;
central rod journaled through a bore in the projectile, 40 FIGS. 11, 12 and 13 are views in longitudinal cross-
and an aft sealing disk fixed tothe rod and whose periph- section of an eighth embodiment of this invention;
ery engaged the inner wall of the fring bore. The FIG. 14 is a view in longitudinal cross-section of a
monopropellant was trapped between the forward cy- ninth embodiment of this ivention;
lindrical projectile and the aft disk within the firing FIG. 15 is a view in longitudinal cross-section of a

OI bore. Solid primary charges were also used in lieu of 45 tenth embodiment of this invention; and
liquid primary charges. A separate static sealing disk FIG. 16 is a view in longitudinal cross-section of an
was also used in lieu of the peripheral seal on the aft eleventh embodiment of this invention.
sealing disk. i dDESCRIPTION OF THE EMBODIMENTS

SUMMARY OF THE INVENTION 50 Rod shaped penetrators lauched at high velocities

It is an object of this invention to provide a gun and from medium caliber guns are effective against some
ammunition system for lauching rod-shaped projectiles types of armor. Since rod penetrators are characteristi-
at high velocity. cally long and thin, sabot launching techniques are

It is an additional object to provide such a system conventionally employed. The sabot in this case is es-
utilizing liquid propellants. 55 sentially a light weight piston of diameter larger than

A feature of this invention is the provision of a gun the penetrator, and which supports the heavier penetra-
and ammunition system utilizing a round of ammunition tor. In the lauching or firing process, the combustion
which contains a supply of liquid propellant and after gas acts against the area of the full diameter of the sabot,
ignition pumps this propellant into the combustion rather than against the rod alone, in accelerating the
chamber of the gun. 60 two in combination.

An additional feature of this invention is the provi- Liquid propellants have several desirable characteris-
sion of a gun and ammunition system utilizing a round tics, such as relatively low flame temperature and ease
of ammunition carrying a relatively narrow diameter of storage and handling. A major problem in the use of
and relatively high mass projectile in a relatively wide liquid propellants lies in the control of the ballistic pro-
and relatively low mass sabot, which is initially acceler- 65 cess in the combustion chamber. Propellant can be ei-
ated by a primary propellant charge in the combustion ther placed in the chamber before firing and then be
chamber aft of the projectile and which is subsequently ignited; or it can be metered into the chamber during
accelerated by a secondary propellant charge in the the combustion process. The first mentioned, sometimes
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called preloading, is easier to do mechanically, but per- placed into the breech of a gun barrel and the breech

mits little control over burning after ignition. U.S. Pat. has been closed. The fill passageways 30 are aligned
No. 3,763,739 issued to D. P. Tassie on Oct. 9, 1973, with suitable fill ports 31 in the breech wall of the gun,
discloses a gun system of this type. The second men- such as are shown in U.S. 3,763,739, supra, which must
tioned, sometimes called forced injection, permits con- 5 incorporate high pressure fill valves or check valves
trol over the rate of burning through control over the which can withstand firing pressure. These passage-
rate of introduction of the pronellant, but involves ex- ways serve as means for providing liquid propellant to
tremely high pumping pressures. Such high pressures the round of ammunition in the firing bore.
pose stringent requirements on seals, fittings and struc- As shown in FIG. 2B, propellant is pumped into the
tural components. If the energy for forced injection is to 10 interface between the injector plate 20 and the pusher
be supplied from an external source, the power require- plate 14, progressively pushing the pusher plate for-
ments are very high. For example, the power required ward within the bore 18 to create an injection volume
to pump three cubic inches of propellant across a pres- 42 which receives a complete charge. Stops can be
sure drop of 10,000 psi in 20 milliseconds is 227 hp. This provided to halt the forward advance of the nose stabi-
can be averaged over a larger period in an actual gun to 15 lizer, or preferably, the charge can be metered. The
lower the peak value, but the power requirement is still round is shown fully charged and ready for firing.
unreasonable. As shown in FIG. 2C, firing is initiated by setting off

An effective solution to the power requirement for the primer, which rapidly generates a small volume of
pumped injection is to utilize the combustion chamber high pressure, hot gas in the space 43 aft of the injector
pressure itself as the source of energy for pumping. 20 plate which serves as the combustion chamber. This
Called regenerative injection, this scheme uses a differ- high pressure aft of the loaded round produces an im-
ential area piston for each propellant. The larger end of mediate acceleration of the complete round. The over-
the piston is acted on by the chamber pressure, and the all force producing the acceleration, which force is
smaller end pressurizes the propellant to be injected. equal to the chamber pressure times the chamber cross-
The difference in areas generates a propellant pressure 25 sectional area, is exerted against the aft face of the injec-
sufficiently higher than the chamber pressure to achieve tor plate. The penetrator and sabot assembly has a rela-
the desired rate of injection. tively high weight relative to the weight of the body 16

FIRST EMBODIMENT with a correspondingly relatively high inertia. A por-
tion of the accelerating force is absorbed in accelerating

Turning now to FIG. 1, a first embodiment of the 30 the body 16 per se, but the remainder of the accelerating
invention is shown as an idealized round of ammunition force is transmitted by the forward surface of the injec-
having a sabot and regenerative, liquid propellant tor plate against the charge of liquid propellant. The
pumping system, for use in a gun which will fill the resultant pressure developed in the liquid is the trans-
round with propellant before firing. The penetrator 10 mitted force divided by the liquid or injection volume
is here shown as a rod which upon lauching will be drag 35 cross-sectional area. When the ratio of the areas of the
stabilized. The sabot is a three piece assembly, compris- aft face of injector plate and the injection volume, and
ing an annular nose stabilier 12 fixed to the forward end the body weight and the total round weights are prop-
of the penetrator, a circular pusher-plate 14 fixed to the erly predetermined, a liquid pressure will be generated
aft end of the penetrator, and a cylindrical body 16. The which is higher than the chamber pressure as follows:
body 16 has an internal bore 18 closed at its aft end 20, 40
which bore receives the plate 14. The aft end 20 serves (PL/Pc) = (Ac/AL) [1- (W,/Wmr)I
as an injector plate and has a plurality of longitudinal
bores 22 therethrough serving as injection passageways. where
Each bore is obturated by a respective plug 24. An aft PL is liquid pressure,
recess 26 receives a primary propellant charge, here 45 Pc is chamber pressure,
shown as a solid primer 28. One or more substantially Acis chamber area,
radially oriented bores 30 pass through the side wall 32 AL is liquid area,
of the body into the interface between the plate 20 and WB is body weight, and
the plate 14, to serve as propellant fil passageways. An WTOTiS the sum of the body, the liquid and the pene-
annular seal 34 is provided on the periphery of the plate 50 trator and sabot assembly weights.

4 14, and a pair of annular seals 36 are provided on the The difference between the two pressures PL and Pc
periphery of the body 16 straddling the fill passage- is the driving force which can be utilized for regenera-
ways. tive injection.

The plugs 24 may be embodied as relief valves, indi- The plugs 24 are designed to open at a predetermined
vidual plugs, a burst diaphragm fixed to the forward 55 difference in pressure between the interior volume and
face of the injector plate, or simply portions or the bore the combustion chamber. These plugs serve as a pres-
material not fully drilled through, all of which will sure sensitive obturating means. As shown in FIG. 2C,
shear or open at the desired pressure level, when this difference is reached, the plugs will open and

The penetrator and sabot assembly may be preloaded propellant will flow into the chamber. The injection
with liquid propellant through the fill passageways, 60 passageways 22 serve to atomize or break up the propel-
which are then plugged, before being placed in the gun. lant streams through techniques similar to those used in
Alternatively, the assembly may be placed in the firing rocket injector design. As the propellant streams ini-
bore 40 of the gun and then loaded with propellant. The tially encounter the hot primer gases they ignite, gener-
actual firing process is the same for each scheme, and ating more hot gas. Incoming propellant continues to
loading within the gun will be discussed with respect to 65 ignite and the process becomes self sustaining, and gen-
FIGS. 2A through 2C. erates increasing chamber pressure, which accelerates

As shown in FIG. 2A, the penetrator and sabot as- the process. The process continues until the propellant
sembly, still without its propellant charge, has been is expended. Meanwhile, the whole round is being ac-

It
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celerated along the bore by what is in effect, a traveling 6. The sabot and projectile assemblies may be stored

charge. FIG. 2D shows the round at mid-bore length and transported as essentially inert, considering the
with the propellant partially expended. primer to be relatively insignificant. The assemblies

As the round leaves the muzzle, the sabot fore and aft do not become active until the introduction of the
supports are stripped from the penetrator which contin- 5 propellant. This can be delayed until after cham-
ues on its course. FIG. 2E shows the nose stabilizer 12 bering and locking in the gun.
acting under wind forces to open the body 16 and free The specification so far has dealt whith idealizedI the penetrator. projectile and sabot assemblies and their launching

The entire body 16 is here shown as engaging the techniques. Cartridges embodying such assemblies may
rifling of the bore 40 to provide spin to the entire round 10 be provided in at least several different configurations.
if a spin stabilized projectile is used. Alternatively a THIRD EMBODIMENT
lesser annular portion of the body may engage the ri-
fling. FIG. 4 shows the simplest pre-filled cartridge case

SECOND EMBODIMENT embodiment. The projectile and sabot assembly are
15 crimped into a cartridge case 100. The assembly com-

- Frictional forces are developed between the body 16 prises a forward annulus 102 which serves as a pusher
and the interior wall of the bore 40 as the round is plate and has a central bore 104 receiving a spin stabi-
launched, which are a function of the materials of the lized projectile 106 and a plurality of bores 108 disposed
body 16 and the bore 40 of the gun barrel. An alterna- in an annular row, each receiving a respective one of a
tive embodiment which minimizes such frictional forces 20 like plurality of rods 110 which are respectively fixed to
is shown in FIG. 3. an injector plate 112. The injector plate has an annular

The penetrator 50 is here shown as a rod which is seal 114 fixed to its periphery and a plurality of longitu-
stabilized by a plurality of fins 52. The sabot is a three dinal injection passageways 116 which are closed by a
piece assembly comprising an annular nose stabilizer 54 diaphragm 118 fixed to the forward face of the plate.
fixed to the forward end of the penetrator, a circular 25 The liquid propellant charge 120 is contained between
pusher-plate 56 fixed to the aft end and an injection the annulus 102, the plate 112 and the inner wall 122 of
plate 58 having a plurality of forwardly, longitudinally the case 100. The bore of the case includes an external
extending, integral rods 60. The pusher plate 56 has a primer 124 in communication with an internal booster
like plurality of longitudinal bores 62 with respective tube 126 disposed in the combustion chamber 128 which
annular seals 64 each passing a respective one of the 30 is defined by the base of the case, the injector plate and
rods 60. The injector plate 58 also has a plurality of the interior wall of the case. Upo:, ignition the injector
longitudinal bores 66 therethrough each obstructed by a plate and its rods move forwardly relative to the annu-
respective plug 68, and an aft recess 70 receiving a lus, rupturing the diaphragm and injecting propellant
primary propellant charge 72, all similar to the embodi- into the combustion chamber. This diaphragm serves as
ment of FIG. 1. These plugs 68 serve as a pressure 35 a pressure sensitive obturating means. The inner wall
sensitive obturating means. An annular seal 74 is pro- 122 of the case is cylindrical and coplanar with the inner
vided in the periphery of the injector plate, and an wall 40 of the bore of the gun barrel, so that the forward
annular seal 76 is provided in the periphery of the annulus and the injector plate smoothly leave the case
pusher plate. This penetrator and sabot assembly is and ride along the gun bore. The forward annulus may
disposed in the gun for filling with propellant with the 40 be made up of segments to provide ready rupture and
fill ports in the breech wall of the gun aligned with the release of the projectile when the assembly leaves the
interface between the injection plate and the pusher gun bore.
plate. The injector plate 112 may be made of arched cross-

The use of the rods 60 upon which the pusher plate section for a greater strength of weight ratio.
IL can slide permits the omission of the body structure, so 45 The rods 110 may be replaced with hollow tubes

that only the peripheries of the pusher plate, the injector l0a, as shown in FIG. 4a, which are closed at their
plate and the stabilizer need contact the wall of the forward ends and open at their aft ends so that the
barrel bore 40. The liquid propellant is contained be- interior volume-of each tube communicates with and is
tween the pusher plate, the injector plate anl the wall of at the same pressure as the combustion chamber 128.
the barrel bore. The necessary differential in areas is 50 This permits the use of a thin wall tube whose wall
provided by the total cross-sectional areas of the rods thickness becomes progressively thinner from front to
60. The rods provide an added advantage in the sabot rear; since as the length of the tube exposed forwardly
stripping phase, of the launching cycle es they are rela- of the annulus 102 into the atmosphere increases, the
tively weaker and therefore easier to deflect radially combustion chamber pressure decreases.
outwardly than the equivalent cylindrical body 16. 55

Both of the embodiments described above provide FOURTH EMBODIMENT
the following advantages: In the embodiments discussed above, all of the injec-

1. Controlled injection is achieved through regenera- tion of the propellant into the combustion chamber
tive pumping action; takes place through the passageways of the injector

2. The inertia of the projectile itself is the source of 60 plate. An enlarged "Taylor cavity" will be formed by
the pumping force; providing a tubular cylinder of propellant liquid in the

3. The injection mechanism is incorporated into the combustion chamber as said chamber is being enlarged
penetrator and sabot assembly, with very littl- by the forward movement of the injector plate. The
effect on the gun design, "Taylor cavity" provides a liquid-gas interface for con-

4. A traveling charge effect is achieved; 65 bustion. This is accomplished by providing a variable
5. The injection system and high pressure seals are internal diameter in the case which increases towards

used only once for each shot and are then dis- the mouth of the case. As shown in FIG. 5, the bore 150
carded. of the case may be tapered, or as shown in FIG. 6, the
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6 bore 152 of the case may be stepped to provide a vari- 262 is nested aft, close to the injector plate, without any

able, increasing, orifice for the liquid propellant around liquid propellant, and the seals 258 and 264 straddling
the periphery of the injector plate. the row of bores 276. After the case has been loaded

into the gun and the gun breech has been locked, the
5 liquid propellant charge is pumped through aligned

The injector plate should be prevented from moving ports in wall of the breech of the gun as described with
aft under impulse loads exerted by the liquid propellant respect to FIG. 2B. The injector plate is prevented from

r under conditions of vigorous handling or in the event a aftward movement by suitable means, such as the stops
cartridge is dropped on its base. This can be accom- described with respect to FIG. 7. As the liquid propel-
plished by providing stops on the displacement rods aft 10 lant charge is pumped into the interface between the
of their engagement with the injector plate; a step can injector plate and the annulus, it forces the annulus
be provided in the interor wall of the case aft of the forward until it is stopped by the stabilizing ring, which
injector plate; or the injector plate may be fastened to provides an automatic metering device for the filling
the interior wall of the case by a weak joint which will operation.
rupture under the firing forces. To further minimize the 15 Both pre-loaded and dry-loaded cased cartridges
effects of handling loads the stops may be made resil- share the following advantages:
ient. As shown in FIG. 7, the interior wall 154 may be 1. Sealing of the breech is provided by the case.
provided with a step 156 to abut the outer margin of the 2. The priming system is conveniently provided for
injector plate 158. A helical spring 160 may be captured each round.
between an additional step 162 and the injector plate to 20 3. A misfired round can be completely extracted by
resiliently fix the inputs plate and to permit it to move extracting the case.
aft slightly before abuting the positive shoulder 156. The dry-loaded cartridge has the additional follow-

SIXTH EMBODIMENT ing advantages for shipping and handling:
1. The projectile is telescoped within the case for

In the embodiment shown in FIG. 8, a prefilled case 25 shipping and for loading into the gun. This minimizes
is provided which has an interior annular wall 200 ex- the length of the parts to be handled.
tending from the base 202 which together with the 2. The cartridge is relatively safe. In the absence of
injector plate 204 and its peripheral seal 205 defines an propellant, the primer and booster are the only combus-
initial combustion chamber. An external primer 206 tible components present.
communicates with an internal booster 208 disposed in 30 3. The propellant is loaded separately through con-
the initial combustion chamber. A plurality of rigid, trol valves and piping. This can be controlled remotely
spaced apart, partitions 210 extend inwardly from the if necessary.
interior wall 212 of case which is tapered progressively 4. The breech is closed before the propellant is
inwardly from the base to the neck 214 to provide a charged into the cartridge, providing additional safety.
series of compartments 216 of decreasing volume, each 35
opening into a central bore 217. As described with re- EIGHTH EMBODIMENT

spect to FIG. 4. the injector plate is fixed to rods 218 FIGS. 11 and 12 show a dry loaded uncased car-
which are journaied through respective bores 219 in an tridge, which is loaded, locked, filled and fired in a
annulus 220 which retains the projectile 222. The bore manner similar to the cased cartridge of FIGS. 9 and 10.
223 of the neck is coplanar with the gun bore 40. Liquid 40 The sabot and projectile assembly comprises an injector
propellant is stored forward of the injection plate in the plate 300 having a peripheral seal 302 and a plurality of
compartments 216 and in the central bore. The propel- longitudinally extending rods 304 fixed thereto and
lant in the central bore is injected into the combustion respectively journaled through bores 305 in an annulus

U chamber by the injection plate as discussed with respect 306 which has a peripheral seal 307 and an axial bore
to FIG. 4. The propellant in each open compartment 45 308 receiving a projectile 310. A stabilizing ring 312 has
216 tends to remain in place and to ignite as its compart- a like plurality of bores 314 journaling said rods 304 and
ment is exposed to the initial combustion chamber as the an axial bore 316 adapted to pass the projectile. As
injection plate moves forward, also providing a "Taylor shown in FIG. 13, a primer and booster assembly com-
Cavity" effect. prises a sleeve 318 which cemented to the aft face of the

SEVENTH EMBODIMENT 50 injector plate 300. The sleeve is molded of solid propel-
V Elant, of sufficient strength to provide a small combus-

FIGS. 9 and 10 show a dry loaded cased cartridge tion chamber 320 initially, but which will ultimately
embodiment, similar to the case of FIG. 4. The car- burn. A combustible primer 322 is fixed in a cup 324 in
tridge is provided with a case 250 having a primer 252 the exterior of the base of the sleeve and which commu-
communicating with a booster charge 254, and a projec- 55 nicates by a passageway 326 with the combustion chain-
tile and sabot assembly. The sabot includes an injector ber 320. The forward end of the sleeve is closed with a
plate 256 having a peripheral seal 258 and a plurality of plug 328 which may be cemented. Radially extending

* longitudinally extending rods 260 fixed thereto and flame passageways 330 are provided through the walls
respectively journaled through bores 261 in an annulus of the sleeve. These passageways are initially closed, as
262 which has a peripheral seal 264 and an axial bore 60 by plugs, being only partially formed through, or cov-
266 receiving a projectile 268. A stabilizing ring 270 is ered by a diaphragm. Loose powder is disposed in the
retained against non-finng loads aft of the mouth of the combustion chamber.
case as by cementing or crimping and has a like plurality The length of the primer and booster assembly is
of bores 272 journaling said rods 260 and an axial bore made equal to the length of the combustion chamber of
274 adapted to pass the projectile. A plurality of radial 65 the gun. When the cartridge is chambered and the

* bores 276 are disposed through the case in an annular breech is locked, the primer 322 is adjacent the face 332
row to serve as propellant filling passageways. In the of the breech block, and may be ignited by a conven-
stored configuration, as shown in FIG. 9, the annulus tional percussion firing pin 334, or electrical firing

0 lg un lsnu lll~aauul~l ed dmad d nd ~lm 1 lkl u t
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means. The primer ignites the loose powder immedi- annular priming system 526 is cemented onto the dia-
ately, generating hot gases which rupture the flame phragm. The priming system is similar to a torus of
passageway closures and pass into the combustion square cross-section, having flame passageways, loose
chamber. The molded combustible sleeve burns more powder, and an electrical firing system whose leads
slowly than the loose powder, but eventually all is con- 5 may be brought through the diaphragm and out the
sumed. The hot gas initiates the regenerative liquid bore of the neck and the nozzle or through the sidewall
propellant injection process as described previously, of the case. Liquid propellant is stored in the chamber

The dry-loaded caseless cartridges have the follow- defined by the base plate 508, the injection plate 520, the
ing advantages: side 502, and the neck 518.

1. The system is completely combustible. The gun 10 This embodiment does not provide a traveling
chamber is completely empty after each shot. charge. Ignition of the priming system ruptures the

2. The primary system is an integral part of the car- diaphragm and moves the injector and nozzle assembly
tridge as supplied to the gun. aft, which in turn provides regenerative pumping for-

3. The primary system may be fabricated using con- wardly of the liquid propellant through the passage-
ventional caseless ammunition technolo.y. is ways of the injector plate.

NINTH EMBODIMENT ELEVENTH EMBODIMENT

FIG. 14 shows a recoiless gun embodiment of a case- FIG. 16 shows a recoiless gun embodiment of a eased
less cartridge similar to that shown at FIG. 12. The cartridge employing a reaction or compensating mass of
sabot and projectile assembly comprises an injector 20 the type shown in U.S. Pat. No. 1,108,716. This embodi-
plate 400 having a peripheral seal 402 and a plurality of ment does not provide a traveling charge. In its simplest
longitudinally extending rods 404 fixed thereto and form, the gun includes a firing bore 600 open at both
respectively journaled through bores 405 in an annulus ends. A projectile 602 and an injector and reaction mass
406 which has a peripheral seal 408 and an axial bore assembly are secured in a tubular cartridge case 603
410 receiving a projectile 412. A stabilizing ring 414 has 25 which is disposed in the bore 600. The assembly com-
a like plurality of bores 416 journaling said rods 404 and pris isoed in tebr 600 he assebl com-
an axial bore 418 adapted to pass the projectile. A prim- prises a solid reaction mass 604 having a peripheral seal
ing system comprising a sleeve 420 which may be 606 and a central bore with an annular seal 607. in
molded of solid propellant is cemented to the aft face of which is journaled a rod 608 to whose forward end is
the injector plate 400. The sleeve has radially extending 30 fied an injection plate 610 having a peripheral seal 612.
flame passageways 422 which are initially closed and A priming system 614 is fixed to the forward face of the
contains loose powder which may be ignited by an injection plate. The priming system may comprise a
electrical firing system 424. A frangible diaphragm 426 sleeve molded of combustible material with flame pas-
is cemented to the aft end of the sleeve. The initial sageways, filled with loose powder, and having an elec-
combustion chamber is provided within the sleeve, and 35 trical firing means which may be brought out through(p the subsequent combustion chamber is defined between the rod 608. Firing is initiated by hot gases generated by
the injection plate and the diaphragm. The diaphragm is the priming system in the combustion chamber defined
adapted to burst at a pressure which is high enough to between the projectile and the ignition plate. The liquid
insure that initiating combustion has been achieved, propellant is stored in the chamber defined between the

The gun 427 includes suitable ports 428 to pass liquid 40 injection plate and the reaction mass, and serves as part
propellant to the interface between the injection plate of the total reaction mass, so that the solid mass actually
400 and the annulus 406. The gun also includes a con- ejected out the breech of the gun is less than required by
verging/diverging nozzle 430 in lieu of the conven- fixed, solid propellants. In a caseless embodiment, not
tional closed breech. This nozzle may be of the type shown, the case is omitted and the liquid propellant is
shown, for example, in U.S. Pat. Nos. 2,444,949, 45 injected as discussed with respect to FIG. 2B.
2,696,760, 2,790,353 and 3,610,093. The nozzle provides It is contemplated that the inventive concepts herein-
an expansion chamber and a venturi orifice therein to above described may be variously otherwise embodied
allow a sufficient amount of the combustion gases to and combined without departing from the inventive
expand and escape rearwardly, thereby stabilizing the principles included and intended to be covered by the
gun against recoil. The nozzle may be made separable 50 appended claims, except insofar as limited by the prior
from the breech to permit loading of the cartridge. FIG. art.
14 shows the annulus 406 midway in its forward ad- What is claimed is:
vance during the loading with liquid propellant. I. A fuied round of ammunition comprising

a cartridge case including a tubular side wall having
TENTH EMBODIMENT 55 an open forward end and a closed base end, and a

FIG. 15 shows a recoiless gun embodiment of a gas generating means supported by said base end;
cased, preloaded tarridgc. The cartridge includes a a relatively high mass projectile means disposed
c:vse 500 having a side 502. a shoulder 504, a neck 506 within and obturating said open end of said case;
and a base plate 508 threaded into the side 502. A pro- a relatively low mass piston means disposed within
jectile 510 is crimped into the neck, and is received in 60 said case longitudinally spaced from and aft of said
the firing bore 512 of the gun. The base plate 508 has projectile means and journaled for longitudinal
central bore 514 with an annular seal 516 to pass the movement in said case, and having
neck 518 of a tubular injector and nozzle assembly. This an aft face of relatively large cross-sectional area
assembly includes an annular injection plate 520 having and a forward face of relatively small cross-sec-
an annular seal 522 integral with the forward end of the 65 tional area,
neck and a converging/diverging nozzle 523 integral a passageway therethrough communicating be-
with the aft end of the neck. A frangible diaphragm 524 tween said aft and forward faces of said piston
is cemented over the forward end of the tube and an means, and
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pressure sensitive obturating means for obturating its forward end, and journaled through a like plu-
said passageway and for opening said passage- rality of longitudinal bores disposed in a transverse
way upon a predetermined pressure being pro- annular row in said projectile means.
vided on said forward face; 11. A fixed round of ammunition according to claim

said gas generating means disposed aft of said piston 5 10 wherein:
means; said projectile means comprises a relatively low mass

said piston means coupled to said projectile means for sabot supporting a relatively high mass projectile,
joint longitudinal displacement with respect to said said sabot sealing said open end of said case and
case and for relative longitudinal displacement having said bores in which are journaled said tubes.
with respect to said projectile means upon func- 10 12. A fixed round of ammunition according to claim
tioning of said gas generating means. 1 wherein:

2. A fixed round of ammunition according to claim 1 the internal diameter of the aft portion of said side
wherein: wall of said cartridge case is equal to the diameter

said projectile means has an aft face within said car- of said piston means, and
tridge case; 15 the forward portion of said cartridge case includes a

said tubular side wall of said cartridge case has a bore plurality of annular compartments, each inwardly
therethrough communicating to the forward inter- open and defining a central bare through which
ior face of said base end of said case and said aft said piston means passes.
face of said projectile means. 13. A fixed round of ammunition according to claim

3. A fixed round of ammunition according to claim 1 20 12 further including:
wherein: a quantity of liquid propellant disposed within said

said passageway has the characteristic of atomizing annular compartments.
liquid propellant passing therethrough and out said 14. A fixed round of ammunition comprising:
aft face of said piston means.

4. A fixed round of ammunition according to claim 1 25 a cartridge case having a side wall defining a tube;

further including: a base, having a relatively low mass, closing the aft
end of said tube, and having an interior forward

a plurality of longitudinally extending alignment rods face and an exterior aft face,
disposed in a transverse annular row, each fixed to a andran exterio aft

* one member of said group consisting of said piston a gas generating means communicating with said aft
means and said projectile means, and journaled for 30 face of said base,
relative longitudinal movement with respect to the a projectile means, having a relatively high mass,

other member of said group. disposed at least in part within said tube and obtu-
5. A fixed round of ammunition according to claim 1 rating the forward end of said tube

wherein: said base serving as a differential piston means mov-
the internal diameter of the aft portion of said side 35 able along said tube towards said projectile means,

wall of said cartridge case is equal to the diameter and its aft face having a relatively large cross-sec-
of said piston means, and tional area and its forward face having a relatively

the internal diameter of the forward portion of said small cross-sectional area,
side wall is greater than said dismeter of said piston said base having a passageway therethrough commu-
means, thereby, when said piston means is in said 40 nicating between said aft and forward faces of said
forward portion of said case, providing an annular base, and
gap between said piston means and said side wall. pressure sensitive obturating means for obturating

6. A fixed round of Ammunition according to claim 1 said passageway and for opening said passageway
further including: upon a predetermined pressure being provided on

resilient stop means disposed in said cartridge case for 45 said forward face of said base.
resiliently limiting aftward movement of said pis- 15. A fixed round of ammunition according to claim
ton in said cartridge case. 14 wherein:

7. A fixed round of ammunition according to claim 1 a quantity of liquid propellant is disposed within said
wherein: case and sealed between said piston means and said

said projectile means comprises a relatively low mass So projectile means.
* sabot supporting a relatively high mass projectile, 16. A fixed round of ammunition according to claim

said sabot sealing said open end of said case. 14 wherein:
S. A fixed round of ammunition according to claim 1 said passageway has the characteristic of atomizing

wherein: liquid propellant passing therethrough and out said
a quantity of liquid propellant is disposed and sealed 55 aft face of said piston means.

within a chamber defined by said case, said piston 17. A fixed round of ammunition according to claim
means and said projectile means. 14 wherein:

* 9. A fixed round of ammunition according to claim 8 said projectile means has an aft face within said case;
wherein: said side wall of said case has a bore therethrough

said passageway has the characteristic of atomizing o communicating to said forward face of said base
liquid propellant passing therethrough and out said and said aft face of said projectile means.
aft face of said piston means. 18. A fixed round of ammunition according to claim

10. A fixed round of ammunition according to claim 17 wherein:
1 further including: said passageway has the characteristic of atomizing

* a plurality of longitudinally extending alignment 65 liquid propellant passing therethrough and out said
tubes disposed in a transverse annular row, each aft face of said piston means.
tube having an aft end fixed to said piston means 19. A fixed round of ammunition comprising:
and open to the aft face f said piston and closed at a side wall defining a tube,
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a base, having a relatively low mass, closing the aft a relatively high mass projectile means disposed

end of said tube, and having an interior forward within and obturating said open end of said bore;
face and an exterior aft face, a relatively low mass differential piston means dis-

a gas generating means communicating with said aft posed within said firing bore longitudinally spaced
face of said base, 5 from and aft of said projectile means and journaled

a projectile means, having a relatively high mass, for longitudinal movement in said firing bore, and
disposed at least in part within said tube and obtu- having

U rating the forward end of said tube, an aft face of relatively large cross-sectional area
said base serving as a differential piston means mov- and a forward face relatively small cross-sec-

able along said tube towards said projectile means, 10 tional area,
and its aft face having a relatively large cross-sec- a passageway therethrough communicating be-
tional area and its forward face having a relatively tween said aft and forward faces of said piston
small cross-sectional area, means, and

said base having a passageway therethrough commu- prLssure sensitive obturating means for obturating
nicating between said aft and forward faces of said 15 said passageway and for opening said passage-
base, and way upon a predetermined pressure being pro-

pressure sensitive obturating means for obturating vided on said forward face;
said passageway and for opening said passageway said gas generating means providing gas aft of said

upon a predetermined pressure being provided on piston means;
said forward face of said base. 20 said piston means coupled to said projectile means for

20. A fixed round of ammunition according to claim joint longitudinal displacement with respect to said

19 wherein: firing bore and for relative longitudinal displace-

said side wall is part of a cartridge case. ment witb respect to said projectile means upon
21. A fixed round of ammunition according to claim functioning of said gas generating means.19 wherein: 25 28. A weapon system according to claim 27 wherein:

said projectile means includes a sabot supporting a said gun includes means for providing liquid propel-

projectile. lant to said round of ammunition in said firing bore

22. A fixed round of ammunition according to claim between said projectile means and said piston
229 fue iluing: fmeans.

19 further including: 30 29. A weapon system according to claim 28 wherein:
a plurality of longitudinally extending tubes, each said passageway has the characteristic of atomizing

having a longitudinally extending bore therein, liquid propellant passing therethrough and out said
each tube being fixed at its aft end to said base and aft face of said piston means.
journaled at its forward end through a correspond- 30. A weapon system according to claim 27 further
ing longitudinally extending bore in said projectile 35 including:
means, the aft end of each said bore being open to a plurality of longitudinally extending alignment rods

K said aft face of said bore, the forward end of each disposed in a transverse annular row, each fixed to
said bore being closed, one member of said group consisting of said piston

23. A fixed round of ammunition according to claim means and said projectile means, and journaled for
22 wherein: 40 relative longitudinal movement with respect to the

said projectile means includes a sabot supporting a other member of said group.
projectile, and said bores, in which are journaled 31. A weapon system according to claim 27 wherein:
said tubes, are provided in said sabot. said projectile means comprises a relatively low mass

24. A fixed round of ammunition according to claim sabot supporting a relatively high mass projectile,
19 further including: 45 said sabot sealing said open end of said bore.

a plurality of rods coupled to and between said pro- 32. A weapon system according to claim 27 further
jectile means and said base, for guiding said base including:
for relative movement towards said, projectile a plurality of longitudinally extending alignment
means. tubes disposed in a transverse annular row, each

25. A fixed round of ammunition according to ,'aim So tube having an aft end fixed to said piston means
24 wherein: and open to the aft face of said piston and closed at

each of said rods is fixed to said base and is journaled its forward end, and journaled through a like plu-
through a corresponding bore in said projectile rality of longitudinal bores disposed in a transverse
means, annular row in said projectile means.

26. A fixed round of ammunition according to claim 55 33. A weapon system according to claim 32 wherein:
25 wherein: said projectile means comprises a relatively low mass

s,'d projectile means includes a sabot supporting a sabot supporting a relatively high mass projectile,
projectile, and said bores, in which are journaled said sabot sealing said open end of said case and
said rods, are provided in said sabot. having said bores in which are journaled said tubes.

27. A weapon system comprising: 60 34. A weapon system according to claim 27 further
a gun; and including:
a round of ammunition; container means for containing a volume of liquid
said gun having a firing bore closed by a breech face; between and in contact with said forward face of

and said piston means and said aft face of said projectile
said round of ammunition is disposed in said firing 65 means; and

bore adjacent said breech face; a charge of liquid propellant disposed within said
said round of ammunition including a gas generating container means.

means disposed adjacent said breech face; 35. A weapon system according to claim 34 wherein:
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said passageway has the characteristic of atomizing resilient stop means disposed in said cartridge case for

liquid propellant passing therethrough and out said resiliently limiting aftward movement of said pis-
aft face of said piston means. ton in said cartridge case.

36. A weapon system according to claim 34 wherein: 38. A weapon system according to claim 34 wherein:
said container means is a cartridge case, and 5 said container means is a cartridge case, and

the internal diameter of the aft portion of said side the internal diameter of the aft portion of said side

wall of said cartridge case is equal to the diameter wall of said cartridge case is equal to the diameter

of said piston means, aad of said piston means, and
theid-teralonamees, of thethe forward portion of said cartridge case includes a

the internal diameter of the forward portion of said 10 plurality of annular compartments, each inwardly
side wall is greater than said diameter of said piston open and defining a central bore through which
means, thereby, when said piston means is in said said piston means passes.
forward portion of said case, providing an annular 39. A weapon system according to claim 38 further
gap between said piston means and said side wall. including:

37. A weapon system according to claim 34 wherein: 15 a quantity of liquid propellant disposed within said
said container means is a cartridge case, and includ- annular compartments.
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89/1.706, 1.7, 7, 8; 102/38 1 Claim. 21 Drawing Figures
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round which is passed during a relatively extended
LIQUID PROPELLANT WEAPON SYSTEMS period of time to the combustion chamber.

This application is a division of Ser. No. 469,507, filed BRIEF DESCRIIION OF THE DRAWING

May 13, 1974, now abandoned. 5 These and other objects, features and advantages of
this invention will be apparent from the following speci-

BACKGROUND OF THE INVENTION fication thereof taken in conjunction with the accompa-

I. Field of the Invention nying drawing in which:
This invention relates to weapon systems employing FIG. I is a view in longitudinal cross-section of an

a liquid propellant, and particularly to such systems 10 idealized round of ammunition having a sabot and a
wherein the propellant is continuously pumped into the system to regeneratively pump liquid propellant, the
combustion chamber as the projectile advances along round is here shown in its telescoped, minimum length
the firing bore. configuration, without liquid propellant;

2. Prior Art FIGS. 2A through E respectively illustrate, within
Weapons systems providing traveling charge effects 15 the gun bore, the

on projectiles, or rockets, or other related systems, are A. before charging with liquid propellant configura-
shown, for example, in U.S. Pat. Nos. 3,431,816; tion,
3,411,403; 3,459,101; 3,496,827; 3,601,056; 3,613,499; B. after charging with liquid propellant and ready for
3,628,457; 3,648,616; 3 165,803; 3,696,749; 3,698,321; initiation of the primer configuration,
3,712,17 1; and 3,728,937. In a final report for the Bureau 20 C. shortly after initiation and commencement of in-

of Ordnance, Department of the Navy, under Contract jection of liquid propellant into the combustion
NOrd 16217 Task i, dated Sept. 1, 1957, work was chamber configuration,

described on a propellant carryig projectile. "This D. midbore configuration, and

projectile contained approximately 100 grams of a hy- E. bore exiting and sabot stripping configuration,
projcie hydrainednitrate, water monopropellant (63. 25 in the sequence of operations of the round of FIG. 1.d ra z in e , h y d ra z in e F I G.r3 iseaiewtin lo n gi u dinaocro ss s e ctin(o f,
32, and 5% by weight respectively). Upon ignition of FIG. 3 is a view in longitudinal cross-section of a

second embodiment of this invention;the pinmary bipropellant charge in the breech, regener- FIG. 4 is a view in longitudinal cross-section of a
aive injection of the bipropellants progresses in the third embodiment of this invention;
usual rtianner, and the projectile is accelerated. The30 FIG. 4a is a detail of a variant of the embodiment
accelerating forces upon the projectile components are shown in FIG. 4;
so adjusted as to produce relative motion between the FIGS. 5 and 6 are views in longitudinal cross-section
projectile body and the center plunger. This motion of a fourth embodiment of this invention.
expels the extrapped monopropellant rearward past the FIG. 7 is a view in longitudinal cross-section of a fifth
fragile seal disk into the hot combustion chamber gases, 35 embodiment of this invention;
where it burns while the projectile is accelerated." The FIG. 8 is a view in longitudinal cross-section of a
projectile apparently comprised a forward solid cylin- sixth embodiment of this invention;
drical projectile whose outer wall engaged the inner FIGS. 9 and 10 are views in longitudinal cross-sec-
wall of the firing bore, an intermediate, longitudinally tion of a seventh embodiment of this invention;
central rod journaled through a bore in the projectile, 40 FIGS. 11, 12 and 13 are views in longitudinal cross-
and an aft scaling disk fixed to the rod and whose pe- section of an eighth embodiment of this invention;
riphery engaged the inner wall of the firing bore. The FIG. 14 is a view in longitudinal cross-section of a
monopropellant was trapped between the forward cy- ninth embodiment of this invention;
lindrical projectile and the aft disk within the firing FIG. 15 is a view in longitudinal cross-section of a
bore. Solid primary charges were also used in lieu of 45 tenth embodiment of this invention; and
liquid primary charges. A separate static sealing disk FIG. 16 is a view in longitudinal cross-section of an
was also used in lieu of the peripheral seal on the aft eleventh embodiment of this invention.
sealing disk. DESCRIPTION OF THE EMBODIMENTS

SUMMARY OF THE INVENTION 50 Rod shaped penetrators launched at high velocities
It is an object of this invention to provie a gun and from medium caliber guns are effective against some

ammunition system for launching rod-shaped projec- types of armor. Since rod penetrators are characteristi-
tiles at high velocity. cally long and thin, sabot launching techniques are

It is an additional object to provide such a system conventionally employed. The sabot in this case is es-
utilizing liquid propellants. 55 sentially a light weight piston of diameter larger than

A feature of this invention is the provision of a gun the penetrator, and which supports the heavier penetra-
and ammunition system utilizing a round of ammunition tor. In the launching or firing process. the comhustion
which contains a supply of liquid propellant and after gas acts against the area of the full diameter of the sabot,
ignition pumps this propellant into the combustion rather than against the rod alone, in accelerating the
chamber of the gun. 60 two in combination.

An additional feature of this invention is the provi- Liquid propellants have several desirable characteris-
sion of a gun and ammunition system utilizing a round tics, such as relatively low flame temperature and ease
of ammunition carrying a relatively narrow diameter of storage and handling. A major problem in the use of
and relatively high mass projectile in a relatively wide liquid propellants lies in the control of the ballistic pro-
and relatively low mass sabot, which is initially acceler- 65 cess in the combustion chamber. Propellant can he ei-
ated by a primary propellant charge in the combustion ther placed in the chamber before firing and then be
chamber aft of the projectile and which is subsequently ignited; or it can be metered into the chamber during
accelerated by a secondary propellant charge in the the combustion process. The last mentioned, sometimes

4
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called preloading, is easier to do mechanically, but per- placed into the breech of a gun barrel and the breech
mits little control over burning after ignition. U.S. Pat. has been closed. The fill passageways 30 are aligned
No. 3,763,739 issued to D. P. Tassie on Oct. 9, 1973, with suitable fill ports 31 in the breech wall of the gun,
discloses a gun system of this type. The second men- such as are shown in U.S. Pat. No. 3,763,739, supra,
tioned, sometimes called forced injection, permits con- 5 which must incorporate high pressure fill valves or
trol over the rate of burning through control over the check valves which can withstand firing pressure.
rate of introduction of the propellant, but involves ex- These passageways serve as means for providing liquidU. tremely high pumping pressures. Such high pressures propellant to the round of ammunition in the firingpose stringent requirements on seals, fittings and struc- bore.

tural components. If the energy for forced injection is to 10 As shown in FIG. 2B, propellant is pumped into the
be supplied from an external source, the power require- interface between the injector plate 20 and the pusher
ments are very high. For example, the power required plate 14, progressively pushing the pusher plate for-
to pump three cubic inches of propellant across a pres- ward within the bore 18 to create an injection volume
sure drop of 10,000 psi in 20 milliseconds is 227 hp. This 42 which receives a complete charge. Stops can be
can be averaged over a larger period in an actual gun to 15 provided to halt the forward advance of the nose stabi-
lower the peak value, but the power requirement is still lizer, or preferably, the charge can be metered. The
unreasonable. round is shown fully charged and ready for firing.

An effective solution to the power requirement for As shown in FIG. 2C, firing is initiated by setting off
pumped injection is to utilize the combustion chamber the primer, which rapidly generates a small volume of
pressure itself as the source of energy for pumping. 20 high pressure, hot gas in the space 43 aft of the injector
Called regenerative injection, this scheme uses a differ- plate which serves as the combustion chamber. This
ential area piston for each propellant. The larger end of high pressure aft of the loaded round produces an im-
the piston is acted on by the chamber pressure, and the mediate acceleration of the complete round. The over-
smaller end pressurizes the propellant to be injected, all force producing the acceleration, which force is
The difference in areas generates a propellant pressure 25 equal to the chamber pressure times the chamber cross-
sufficiently higher than the chamber pressure to achieve sectional area, is exerted against the aft face of the injec-
the desired rate of injection. tor plate. The penetrator and sabot assembly has a rela-

FIRST EMBODIMENT tively high weight relative to the weight of the body 16
Turning now to FIG. 1, a first embodiment of the 30 with a correspondingly relatively high inertia. A por-

invention is shown as an idealized round of ammunition tion of the accelerating force is absorbed in accelerating
havig asabt ad reeneatie, iqui prpelant the body 16 per se, but the remainder of the acceleratinghaving a sabot and regenerative, liquid propellant force is transmitted by the forward surface of the injec-

pumping system, for use in a gun which will fill the force aanst the farg e of the

round with propellant before firing. The penetrator 10 tor plate against the charge of liquid propellant. The

is here shown as a rod which upon launching will be 35 resultant pressure developed in the liquid is the trans-
drag stabilized. The sabot is a three piece assembly, mitted force divided by the liquid or injection volumerg cross-sectional area. When the ratio of the areas of thetw ~~~comprising an annular nose stabilizer 12 fixed to the atfc fijco lt n h neto oue n

forward end of the penetrator, a circular pusher-plate aft face of injector plate and the injection volume, and
14 fixed to the aft end of the penetrator, and a cylindri- the body weight and the total round weights are prop-
cal body 16. The body 16 has an internal bore 18 closed 40 erly predetermined, a liquid pressure will be generated
at its aft end 20, which bore receives the plate 14. The which is higher than the chamber pressure as follows:
aft end 20 serves as an injector plate and has a plurality
of longitudinal bore 22 therethrough serving as injec- P- A w
tion passageways. Each bore is obturated by a respec- -T = AL -w. )
tive plug 24. An aft recess 26 receives a primary propel- 45
lant charge, here shown as a solid primer 28. One or where
more substantially radially oriented bores 30 pass PL is liquid pressure,
through the side wall 32 of the body into the interface Pcis chamber pressure,
between the plate 20 and the plate 14, to serve as propel- Ac is chamber area,
lant fill passageways. An annular seal 34 is provided on 5o AL is liquid area,
the periphery of the plate 14, and a pair of annular seals Wa is body weight, and
36 are provided on the periphery of the body 16 strad- WToTis the sum of the body, the liquid and the pene-
dling the fill passageways. trator and sabot assembly weights.

The plugs 24 may be embodied as relief valves, indi- The difference between the two pressures PL and Pc
vidual plugs, a burst diaphragm fixed to the forward 55 is the driving force which can be utilized for regenera-
face of the injector plate, or simply portions of the bore tive injection.
material not fully drilled through, all of which will The plugs 24 are designed to open at a predetermined
shear or open at the desired pressure level, difference in pressure between the interior volume and

The penetrator and sabot assembly may be preloaded the combustion chamber. These plugs serve as a pres-
with liquid propellant through the fill passageways, 60 sure sensitive obturating means. As shown in FIG. 2C,
which are then plugged, before being placed in the gun. when this difference is reached, the plugs will open and
Alternatively, the assembly may be placed in the firing propellant will flow into the chamber. The injection
bore 40 of the gun and then loaded with propellant. The passageways 22 serve to atomize or break up the propel-
actual firing process is the same for each scheme, and lant streams through techniques similar to those used in
loading within the gun will be discussed with respect to 65 rocket injector design. As the propellant streams ini-
FIGS. 2A through 2C. tinlly encounter the hot primer gases they ignite, gener-

As shown in FIG. 2A, the penetrator and sabot as- ating more hot gas. Incoming propellant continues to
sembly, still without its propellant charge, has been ignite and the process becomes self sustaining, and gen-
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erates increasing chamber pressure, which accelerates 5. The injection system and high pressure seals are
the process. The process continues until the propellant used only once for each shot and are then dis-
is expended. Meanwhile, the whole round is being ac- carded.
celerated along the bore by what is in effect, a traveling 6. The sabot and projectile assemblies may be stored
charge. FIG. 2D shows the round at mid-bore length 5 and transported as essentially inert, considering the
with the propellant partially expended. primer to be relatively insignificant. The assemblies

As the round leaves the muzzle, the sabot fore and aft do not become active until the introduction of the
supports are stripped from the penetrator which contin- propellant. This can be delayed until after cham-
ues on its course. FIG. 2E shows the nose stabilizer 12 bering and locking in the gun.
acting under wind forces to open the body 16 and free 10 The specification so far has dealt with idealized pro-
the penetrator. jectile and sabot assemblies and their launching tech-

The entire body 16 is here shown as engaging the niques. Cartridges embodying such assemblies may be
rifling of the bore 40 to provide spin to the entire round provided in at least several different configurations.
if a spin stabilized projectile is used. Alternatively a
lesser annular portion of the body may engage the ri- 15 THIRD EMBODIMENT
fling. FIG. 4 shows the simplest pre-filled cartridge case

embodiment. The projectile and sabot assembly are
SECOND EMBODIMENT crimped into a cartridge case 100. The assembly coin-

Frictional forces are developed between the body 16 prises a forward annulus 102 which serves as a pusher
and the interior wall of the bore 40 as the round is 20 plate and has a central bore 104 receiving a spin stabi-
launched, which are a function of the materials of the lized projectile 106 and a plurality of bores 108 disposed
body 16 and the bore 40 of the gun barrel. An alterna- in an annular row, each receiving a respective one of a
tive embodiment which minimizes such frictional forces like plurality of rods 110 which are respectively fixed to
is shown in FIG. 3. an injector plate 112. The injector plate has an annular

The penetrator 50 is here shown as a rod which is 25 seal 114 fixed to its periphery and a plurality of longitu-
stabilized by a plurality of fins 52. The sabot is a three dinal injection passageways 116 which are closed by a
piece assembly comprising an annular nose stabilizer 54 diaphragm 118 fixed to the forward face of the plate.
fixed to the forward end of the penetrator, a circular The liquid propellant charge 120 is contained between
pusher-plate 56 fixed to the aft end and an injection the annulus 102, the plate 112 and the inner wall 122 of
plate 58 having a plurality of forwardly, longitudinally 30 the case 100. The bore of the case includes an external
extending, integral rods 60. The pusher plate 56 has a primer 124 in communication with an internal booster
like plurality of longitudinal bores 62 with respective tube 126 disposed in the combustion chamber 128 which
annular seals 64 each passing a respective one of the is defined by the base of the case, the injector plate and
rods 60. The injector plate 58 also has a plurality of the interior wall of the case. Upon ignition the injector
longitudinal bores 66 therethrough each obstructed by a 35 plate and its rods move forwardly relative to the annu-
respective plug 68, and an aft recess 70 receiving a lus, rupturing the diaphragm and injecting propellant
primary propellant charge 72, all similar to the embodi- into the combustion chamber. This diaphragm serves as
ment of FIG. 1. These plugs 68 serve as a pressure a pressure sensitive obturating means. The inner wall
sensitive obturating means. An annular seal 74 is pro- 122 of the case is cylindrical and coplanar with the inner
vided in the periphery of the injector plate, and an 40 wall 40 of the bore of the gun barrel, so that the forward
annular seal 76 is provided in the periphery of the annulus and the injector plate smoothly leave the case
pusher plate. This penetrator and sabt . assembly is and ride along the gun bore. The forward annulus may
disposed in the gun for filling with propellant with the be made up of segments to provide ready rupture and
fill ports in the breech wall of the gun aligned with the release of the projectile when the assembly leaves the
interface between the injection plate and the pusher 45 gun bore.
plate. The injector plate 112 may be made of arched cross-

The use of the rods 60 upon which the pusher plate section for a greater strength to weight ratio.
can slide permits the omission of the body ;tructure, so The rods 110 may be replaced with hollow tubes
that only the peripheries of the pusher plate, the injector 110a, as shown in FIG. 4a; which are closed at their
plate and the stabilizer need contact the wall of the 50 forward ends and open at their aft ends so that the
barrel bore 40. The liquid propellant is contained be- interior volume of each tube communicates with and is
tween the pusher plate, the injector plate and the wall of at tie same pressure as the combustion chamber 128.
the barrel bore. The necessary differential in areas is This permits the use of a thin wall tube whose wall
provided by the total cross-sectional areas of the rods. thickness becomes progressively thinner from front to
60. The rods provide an added advantage in the sabot 55 rear; since as the length of the tube exposed forwardly
stripping phase of the launching cycle as they are rela- of the annulus 102 into the atmosphere increases, the
tively weaker and therefore easier to deflect radially combustion chamber pressure decreases.
outwardly than the equivalent cylindrical body 16.

Both of the embodiments described above provide FOURTH EMBODIMENT
the following advantages: 60 In the embodiments discussed above, all of the injec-

I. Controlled injection is achieved through regenera- tion of the propellant into the combustion chamber
tive pumping action; takes place through the passageways of the injector

2. The inertia of the projectile itself is the source of plate. An enlarged "Taylor cavity" will be formed by
the pumping force; providing a tubular cylinder of propellant liquid in the

3. The injection mechanism is incorporated into the 65 combuston chamber as said chamber is being enlarged
penetrator and sabot assembly, with very little by the forward movement of the injector plate. The
effect on the gun design; "Taylor cavity" provides a liquid-gas interface for con-

4. A traveling charge effect is achieved; bustion. This is accomplished by providing a variable
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internal diameter in the case which increases towards bores 276 are disposed through the case in an annular
the mouth of the case. As shown in FIG. 5, the bore 150 row to serve as propellant filling passageways. In the
of the case may be tapered, or as shown in FIG. 6, the stored configuration, as shown in FIG. 9, the annulus
bore 152 of the case may be stepped to provide a vari- 262 is nested aft, close to the injector plate, without any
able, increasing, orifice for the liquid propellant around 5 liquid propellant, and the seals 258 and 264 straddling
the periphery of the injector plate. the row of bores 276. After the case has been loaded

FT Einto the gun and the gun breech has been locked, the
FIFTH EMBODIMENT liquid propellant charge is pumped through aligned

The injector plate should be prevented from moving ports in wall of the breech of the gun as described with
aft under impulse load exerted by the liquid propellant 10 respect to FIG. 2B. The injector plate is prevented from
under conditions of vigorous handling or in the event a aftward movement by suitable means, such as the stops
cartridge is dropped on its base. This can be accom- described with respect to FIG. 7. As the liquid propel-
plished by providing stops on the displacement rods aft lant charge is pumped into the interface between the
of their engagement with the injector plate; a step can injector plate and the annulus, it forces the annulus
be provided in the interor wall of the case aft of the 15 forward until it is stopped by the stabilizing ring, which

P injector plate; or the injector plate may be fastened to provides an automatic metering device for the filling
the interior wall of the case by a weak joint which will operation.
rupture under the firing forces. To further minimize the Both pre-loaded and dry-loaded cased cartridges
effects of handling loads the stops may be made resil- share the following advantages:
ient. As shown in FIG. 7, the interior wall 154 may be 20 1. Sealing of the breech is provided by the case.
provided with a step 156 to abut the outer margin of the 2. The priming system is conveniently provided for
injector plate 158. A heli, al spring 160 may be captured each round.
between an additional step 162 and the injector plate to 3. A misfired round can be completely extracted by
resiliently fix the inputs plate and to permit it to move extracting the case.
aft slightly before abuting the positive shoulder 156. 25 The dry-loaded cartridge has the additional follow-

SIXTH EMBODIMENT ing advantages for shipping and handling:
1. The projectile is telescoped within the case for

In the embodiment shown in FIG. 8, a prefilled case shipping and for loading into the gun. This minimizes
is provided which has an interior annular wall 200 ex- the length of the parts to be handled.
tending from the base 202 which together with the 30 2. The cartridge is relatively safe. In the absence of
injector plate 204 and its peripheral seal 205 defines an propellant, the primer and booster are the only combus-
initial combustion chamber. An external primer 206 tible components present.
communicates with an internal booster 208 disposed in 3. The propellant is loaded separately through con-
the initial combustion chamber. A plurality of rigid, trol valves and piping. This can be controlled remotely
spaced apart, partitions 210 extend inwardly from the 35 if necessary.
interior wall 212 of case which is tapered progressively 4. The breech is closed before the propellant is
inwardly from the base to the neck 214 to provide a charged into the cartridge, providing additional safety.
series of compartments 216 of decreasing volume, each
opening into a central bore 217. As described with re- EIGHTH EMBODIMENT
spect to FIG. 4, the injector plate is fixed to rods 218 40 FIGS. 11 and 12 show a dry loaded uncased car-
which are journaled through respective bores 219 in an tridge, which is loaded, locked, filled and fired in a
annulus 220 which retains the projectile 222. The bore manner similar to the cased cartridge of FIGS. 9 and 10.
223 of the neck is coplanar with the gun bore 40. Liquid The sabot and projectile assembly comprises an injector
propellant is stored forward of the injection plate in the plate 300 having a peripheral seal 302 and a plurality of
compartments 216 and in the central bore. The propel- 45 longitudinally extending rods 304 fixed thereto and
lant in the central bore is injected into the combustion respectively journaled through bores 305 in an annulus
chamber by the injection plate as discussed with respect 306 which has a peripheral seal 307 and an axial bore
to FIG. 4. The propellant in each open compatment 308 receiving a projectile 310. A stabilizing ring 312 has
216 tends to remain in place and to ignite as its compart- a like plurality of bores 314 journaling said rods 304 and
ment is exposed to the initial combustion chamber as the 50 an axial bore 316 adapted to pass the projectile. As
injection plate moves forward, also providing a "Taylor shot, - -G. 13, a primer and booster assembly com-
Cavity" effect. prisi 318 which cemented to the aft face of the

SEVENTH EMBODIMENT injecii - The sleeve is molded of solid propel-
lant, oi .strength to provide a small combus-

FIGS. 9 and 10 show a dry loaded cased cartridge 55 tion cL.meier 320 initially, but which will ultimately
embodiment, similar to the case of FIG. 4. The car- burn. A combustible primer 322 is fixed in a cup 324 in
tridge is provided with a case 250 having a primer 252 the exterior of the base of the sleeve and which commu-
communicating with a booster charge 254, and a projec- nicates by a passageway 326 with the combustion chain-
tile and sabot assembly. The sabot includes an injector ber 320. The forward end of the sleeve is closed with a
plate 256 having a peripheral seal 258 and a plurality of 60 plug 328 which may be cemented. Radially extending
longitudinally extending rods 260 fixed thereto and flame passageways 330 are provided through the walls
respectively journaled through bores 261 in an annulus of the sleeve. These passageways are initially closed, as
262 which has a peripheral seal 264 and an axial bore by plugs, being only partially formed through, or cov-
266 receiving a projectile 268. A stabilizing ring 270 is ered by a diaphragm. Loose powder is disposed in the
retained against non-firing loads aft of the mouth of the 65 combustion chamber.
case as by cementing or crimping and has a like plurality The length of the primer and booster assembly is
of bores 272 journaling said rods 260 and an axial bore made equal to the length of the combustion chamber of
274 adapted to pass the projectile. A plurality of radial the gun. When the cartridge is chambered and the
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breech is locked, the primer 322 is adjacent the face 332 neck and a converging/diverging nozzle 523 integral
of the breech block, and may be ignited by a conven- with the aft end of the neck. A frangible diaphragm 524
tional percussion firing pin 334, or electrical firing is cemented over the forward end of the tube and an
means. The primer ignites the loose powder immedi- annular priming system 526 is cemented onto the dia-
ately, generating hot gases which rup::.re the flame 5 phragm. The priming system is similar to a torus of
passageway closures and pass into the combustion square cross-section, having flame passageways, loose
chamber. The molded combustible sleeve burns more powder, and an electrical firing system whose leads
slowly than the loose powder, but eventually all is con- may be brought through the diaphragm and out the
sumed. The hot gas initiates the regenerative liquid bore of the neck and the nozzle or through the sidewall
propellant injection process as described previously. 10 of the case. Liquid propellant is stored in the chamber

The dry-loaded caseless cartridges have the follow- defined by the base plate 508, the injection plate 520, the
ing advantages: side 502, and the neck 518.

1. The system is completely combustible. The gun This embodiment does not provide a traveling
chamber is completely empty after each shot. charge. Ignition of the priming system ruptures the

2. The primary system is an integral part of the car- 15 diaphragm and moves the injector and nozzle assembly
tridge as supplied to the gun. aft, which in turn provides regenerative pumping for-

3. The primary system may be fabricated using con- wardly of the liquid propellant through the passage-
ventional caseless ammunition technology, ways of the injector plate.

NINTH EMBODIMENT 20 ELEVENTH EMBODIMENT

FIG. 14 shows a recoiless gun embodiment of a case- FIG. 16 shows a recoiless gun embodiment of a cased
less cartridge similar to that shown at FIG. 12. The cartridge employing a reaction or compensating mass of
sabot and projectile assembly comprises an injector the type shown in U.S. Pat. No. 1,108,716. This embodi-
plate 400 having a peripheral seal 402 and a plurality of ment does not provide a traveling charge. In its simplest
longitudinally extending rods 404 fixed thereto and 25 form, the gun includes a firing bore 600 open at both
respectively journaled through bores 405 in an annulus end406 which has a peripheral seal 408 and an axial boreinjector and reaction mass410 recieing a n rial bore assembly are secured in a tubular cartridge case 603

40receiving aprojectile 412. A stabilizing ring 414 has which is disposed in the bore 600. The assembly com-a like plurality of bores 416 journaling said rods 404 and
an axial bore 418 adapted to pass the projectile. A prim- 30 prises a solid reaction mass 604 having a peripheral seal
ing system comprising a sleeve 420 which may be 606 and a central bore with an annular seal 607, in
molded of solid propellant is cemented to the aft face of which is jouraled a rod 608 to whose forward end is
the injector plate 400. The sleeve has radially extending fixed in injection plate 610 having a peripheral seal 612.
flame passageways 422 which are initially closed and A priming system 614 is fixed to the forward face of the
contains loose powder which may be ignited by an 35 injection plate. The priming system may comprise a
electrical firing system 424. A frangible diaphragm 426 sleeve molded of combustible material with flame pas-
is cemented to the aft end of the sleeve. The initial sageways, filled with loose powder, and having an elec-
combustion chamber is provided within the sleeve, and trical firing means which may be brought out through -

the subsequent combustion chamber is defined between the rod 608. Firing is initiated by hot gases generated by
the injection plate and the diaphragm. The diaphragm is 40 the priming system in the combustion chamber defined
adapted to burst at a pressure which is high enough to between the projectile and the ignition plate. The liquid
insure that initiating combustion has been achieved, propellant is stored in the chamber defined between the

The gun 427 includes suitable ports 428 to pass liquid injection plate and the reaction mass, and serves as part
propellant to the interface between the injection plate of the total reaction mass, so that the solid mass actually
400 and the annulus 406. The gun also includes a con- 45 ejected out the breech of the gun is less than required by
verging/diverging nozzle 430 in lieu of the conven- fixed, solid propellants. In a caseless embodiment, not
tional closed breech. This nozzle may be of the type shown, the case is omitted and the liquid propellant is
shown, for example, in U.S. Pat. N% . 2,444,949, injected as discussed with respect to FIG. 2B.
2,696,760, 2.790,353 and 3,610,093. The nozzle provides It is contemplated that the inventive concepts herein-
an expansion chamber and a venturi orifice therein to 50 above described may be variously otherwise embodied
allow a sufficient amount of the combustion gases to and combined without departing from the inventive
expand and escape rearwardly, thereby stabilizing the principles included and intended to be covered by the
gun against recoil. The nozzle may be made separable appended claims, except insofar as limited by the prior
from the breech to permit loading of the cartridge. FIG. art.
14 shows the annulus 406 midway in its forward ad- 55 What is claimed is:
vance during the loading with liquid propellant. 1. A weapon system comprising:

a gun having a firing bore;
TENTH EMBODIMENT a round of ammunition disposed in said firing bore

FIG. 15 shows a recoiless gun embodiment of a including:
cased, preloaded cartridge. The cartridge includes a 60 a longitudinally extending cartridge case having a
case 500 having a side 502, a shoulder 504, a neck 506 forward end, and an aft end having a transverse
and a base plate 508 threaded into the side 502. A pro- base plate with a central bore;
jectile 510 is crimped into the neck, and is received in a relatively high mass projectile means held in and
the firing bore 512 of the gun. The base plate 506 has closing said forward end of said cartridge case;
central bore 514 with an annular seal 516 to pass the 63 a relatively low mass piston longitudinally slidable
neck 518 of a tubular injector and nozzle assembly. This within and sealed to the interior wall of said
assembly includes an annular injection plate 520 having cartridge case and disposed aft of said projectile
an annular seal 522 integral with the forward end of the means and forward of said base plate;
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said piston having a first face of relatively large journaled through and sealed to said bore of base
cross-sectional area and a second face of rela- plate; and
tively small cross-sectional area, a central bore a burstable diaphragm fixed and sealed to said pis-
longitudinally extending between said first and ton, obturating said bore of said piston;secondn facesin ani addtina pasgea commu 5itn
second faces, an additional passageway commu- said cartridge case, said projectile means and said

nicating said second face with said first face, and first face of said piston and said diaphragm defin-
a pressure sensitive obturating means obturating
said additional passageway and adapted to open ing a combustion chamber;
said additional passageway upon a predeter- said cartridge case, said base plate, said second face

mined pressure being provided on said first face; 10 of said piston and said nozzle defining a liquid
:"a converging/di verging nozzle fixed and sealed to propellant storage chamber."

said piston about said bore of said piston and
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4,085,653• 2
chambered in the bore 12 and a supply of liquid propel-

IGNITION DEVICE lant may be inletted into the chamber between the pro-
jectile and the bolt. An exemplary system is shown in

BACKGROUND OF THE INVENTION Tassie, U.S. Pat. No. 3,763,739.
1. Field of the Invention 5 The gun bolt has a longitudinal bore therethrough
This invention relates to ignition devices for use in a having a first portion 38, a shoulder 40, a second portion

high mechanical shock environment, such as the igni- 42 of smaller diameter than said first portion, a shoulder
- tion of liquid propellant in a gun, or the ignition of fuel ", and a third portion 46 of smaller diameter than said

in a jet engine. second portion.
2. Prior Art to An igniter 50 is fixed within the bore of the gun bolt.
The use of an igniter, per se, in a liquid propellant gun The igniter comprises an outer tube 52, an inner rod 54,

is shown by Broussard in U.S. Pat. Nos. 2,088,503, is- a volume 56 of irregular tightly packed together parti-
sued July 27, 1937; Rost in 2,129,875, issued Sept. 13, cles spacing the rod concentrically within the tube,
1938; Barbieri et al. in 3,326,084, issued June 20, 1967; except proximal to the face 58 of the bolt, wherein a
Myers in 3,673,917, issued July 4, 1972; Nelson et al. in 15 void 60 to serve as a spark chamber is provided between
3,728,937, issued Apr. 24, 1973; Tassie in 3,763,739, the tube 52 and the rod 54. An annulus 62 may be fixedissued Oct. 9, 1973; and Broxholm et al., 3,949,642 is- within the void to close the exposed end face of the

sued Apr. 13, 1976. Of these, Tassie and Broxholm et al. volume of particles. In an exemplary igniter, the tube 52
show the igniter coaxially mounted in the gun bolt, as is made of a relatively workable, conductive material
does Mitchell in U.S. Pat. No. 3,608,492, issued Sept. 28, 20 such as 321 stainless steel, the rod 54 is made of 303
1971 in a gun firing caseless ammunition. stainless steel wire, (both chosen for corrosion resis-

The conventional igniter is an assembly of solid, rigid tance) and the insulating material 56 is magnesium oxide
parts. The main insulator is usually a hard, high-fire powder (MgO). The annulus 62 is a hard fired ceramic
ceramic, which is then combined with seals and fitted bead. The seals 63 around the annulus 62 are made of a
inside a strong, outer case which also serves as the outer 25 resilient material which is not soluble in the particular
conductor or electrode. The center electrode together propellant or fuel which is to be ignited, e.g., fluorocar-
with seals is fitted through a longitudinal bore in the bon elastomer.
main insulator. In a high mechanical shock environ- The igniter 50 is advantageously manufactured by
ment, i.e., high pressure pounding, the assembly deterio- compression techniques. In using a rotary swaging tech-
rates: the seals deteriorate; the ceramic cracks, or one 30 nique, the rod 54 is initially positioned within the empty
part slips with respect to another. Such slippage causes tube 52. The insulating powder 56 is poured into the
more breakage; the seal fails, combustion gas leaks, and tube and is either tamped or vibrated to a light degree of
eventually the igniter even fails to spark. compaction. Alternatively, the rod 54 may be threaded

Accordingly, it is an object of this invention to pro- into a number of crushable MgO beads, and this assem-
vide an igniter which is unaffected by a high mechanical 35 bly slid into the empty tube 52. The ends of the filled
shock environment. tube 52 are then closed, as by plugs or welding, to pre-

An additional object of this invention is to provide a vent the powder and wire from being forced out of the
gun bolt and igniter assembly which is effective in a tube during subsequent compaction. The closed assem-
liquid propellant gun. bly of tube, rod and powder is fed into a set of rotating

Another object of this invention is to provide a pro- 40 dies between hammers in a cage. As the dies rotate, they
cess for the manufacture of such an igniter. open and close on the tube to reduce its external diame-

A feature of this invention is the provision of an ig- ter. The first pass collapses and eliminates all internal
niter assembly comprising an outer tubular conductor voids. Successive passes further reduce the diameter
and an inner conductor spaced apart by a volume of and increase the length of the assembly by the formula
tightly packed, irregular granules of an insulating mate- 45 V, = V2 where VI = volume before the pass and V2 =
rial, such as a mineral powder. The outer conductor is volume after the pass, and vr R12L 1 = 7r R 2

2L. In es-
supported in a longitudinal bore of a gun bolt. sence, the tube and its internal parts are concurrently

BRIEF DESCRIPTION OF THE DRAWING squeezed out from between the die. As an alternative to
rotary swaging, drawing, rolling, press swaging, orThese and other objects, advantages and features of 50 plain hammering on an anvil die could be used.

the invention will be apparent from the following speci- After compaction, the aft portion 70 of the tube 52 is
fication thereof taken in conjunction with the accompa- machined to reduce its external diameter and to pro-
nying drawing in which: duce a step or shoulder 72 which is congruent with the

FIG. 1 is a top plan view, in longitudinal cross-sec- shoulder 44, and the plugged ends are removed. The
tion through the gun bolt, of a liquid propellant gun 55 forward or pressure or chamber portion 74 of the tube
utilizing an ignition device embodying this invention. 52 tightly fits into the bore portion 42 while the aft

DESCF.IPTION OF THE EMBODIMENT portion 70 loosely fits into the bore portion 46 and isbrazed therein. The shoulders 72 and 44 are in tight
A liquid propellant gun, for example, as is shown in abutment. The chamber end of the tube is welded at 76

the FIGURE, comprises a gun barrel 10 having a bore 60 (e.g., fusion process) to the shoulder 40 of the gun bolt.
12, a breech 14 having a bore 16 and a pair of swinging The essential characteristic of the insulating powder
lock blocks 18 and 20, an annular seal 22 at the interface is that it must be so tightly compressed by the outer tube
of the barrel and the breech, and a gun bolt 24. The gun 54 that there is no space left for any particle of that
bolt reciprocates in the bore 16 and enters and obturates powder or for any part of any other element of the
the bore 12. The bolt is locked in its obturating station 65 assembly to shift into under any pressure applied during
by the lock blocks 18 and 20 which may be swung use of the igniter. MgO was selected because it has good
between the recesses 26 and 28 in the breech and the physical and dielectric properties at high temperature,
recesses 30 and 32 in the bolt. A projectile 34 may be and because its irregular particles interlock together
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and into the adjacent metal surfaces under swaging an exposed portion of said conductive surface
better than any other material presently known. Other of said inner element mutually confronting an
metal oxide mineral dielectric material may be used. exposed portion of said conductive surface of

The void 60 is provided by air blasting out a quantity said outer element, and the end face of said
of particles from the chamber end of the igniter to ex- 5 volume;
pose a length of the exterior surface of the inner con- sealing means including a solid annulus of dielec-
ductor and interior surface of the outer tube to act as tric material disposed within said void, in abut-
electrodes. ment with said end face of said volume and said

This process of manufacture of collapsing the outer conductive surfaces of said inner and outer ele-
tube about the loose powder and the center conductor 10 ments, said annulus, said exposed portion of said
so tightly that everything is interlocked and cannot conductive surface of said inner element and said
move irrespective of externally applied pressure, pro- exposed portion of said conductive surface of
vides an assembly which behaves as if it were a solid rod said outer element defining a spark chamber
of metal having the handling characteristics of the outer which is in fluid flow communication with said
tube. Thus, pressure pulses beating on the forward face 15 projectile receiving cavity.
of the igniter cannot in any way disturb any of the parts 2. A gun according to claim 1 further including:
of the igniter unless the outer tube expands, thereby a volume of liquid propellant disposed in said projec-
loosening the powder. The gun bolt tightly fits around tile receiving cavity and extending into said spark
the igniter and supports it as a sheath both radially and chamber.
longitudinally. 20 3. A gun according to claim I further including:

The annulus 62 does not fail under pressure pulses a gun bolt having a bolt face and a bore extending
because it is firmly and evenly supported by the com- longitudinally therefrom;
pacted powder 56 in the direction of the force, i.e., said igniter fixed in said bore of said gun bolt and
longitudinally, of the pulses. In all other directions the radially supported thereby, with said spark cham-
force of the pulses is simultaneously equal, and subjects 25 ber opening onto said bolt face;
the annulus only to a compressive stress which it can means for inserting said gun bolt into said projectie
easily withstand. receiving cavity.

The function of the annulus 62 and its seals is to pre- 4. A gun according to claim 3 wherein:
vent contaminants within the combustion chamber from said igniter has a first longitudinal portion including
entering the chamber face of the volume of powder. 30 said first end of a first diameter, a second longitudi-

It may be noted that the manufacturing process of nal portion spaced from said first end of a second
this invention is quite different than conventionally used diameter, said second diameter being smaller than
in making dielectric powder filled conduit. In the manu- said first diameter, and a transition between said
facture of conduit there is a step to soften the powder in portions;
the conduit so that it will flow with respect to the inner 35 said bore of said gun bolt has a first longitudinal por-
and outer conductors when the conduit is bent, and a tion adjacent said bolt face of said first diameter
step to anneal the outer conductor. In contradistinction, and a second longitudinal portion spaced from said
the igniter of this invention must be rigid and permit no bolt face of said second diameter, and a transition
relative movement of its internal elements. The pressure between said portions;
pulses apply extremely high pressure on the surface and 40 said bolt transition abutting said igniter transition to
interior interfaces of the volume of powder. No give or provide longitudinal support thereto.
movement of the outer tube or internal elements is per- 5. A gun according to claim 1 wherein:
mitted. In the conventional conduit there is no pressure said igniter is made by the process of
on the surface or interior interfaces of the powder in the providing an assembly of an outer tube of conduc-
tube. 45 tive metal, an inner rod of a conductive metal,

It should be noted that the invention herein is not and an intermediate volume of particles of di-
limited to a single inner conductor, a plurality of mutu- electric material concentrically spacing said rod
ally spaced apart conductors may be supported by the within said tube;
particles of dielectric material and held by the outer compressing the outer tube radially about said in-
tube. 50 termediate volume and the rod to remove all

What is claimed is: voids in said intermediate volume and to imbed
4 1. A gun comprising: the peripheral particals of said volume into the

a gun barrel having a projectile receiving cavity, and adjacent surfaces of said tube and rod.
an igniter including 6. A gun according to claim $ further including:

an outer tubular element having a conductive inner 55 removing a portion of said volume after said com-
surface; pressing step to provide said void at said first end of

an inner element substantially coextensive longitu- said volume.
dinally with said outer element and having a 7. A gun according to claim 6 further including:
ionductive outer surface; fixing said igniter into said bore of said bolt.

a vclume, free of internal voids, of closely packed 60 S. An igniter comprising:
particles of dielectric material, disposed between an outer tubular element having a conductive inner
and interlocked with said inner and outer ele- surface;
ments, the peripheral particles of said volume an inner element substantially coextensive longitudi-
being partially imbedded into said conductive nally with said outer element and having a conduc-
surfaces of said inner and outer elements; 65 tive outer surface;
said volume extending less than the full length of a volume, free of internal voids, of closely packed

said inner element to provide a void at a first particles of dielectric material, disposed between
end of said igniter, said void being defined by and interlocked with said inner and outer elements.
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6r the peripheral particles of said volume being par- said igniter being made by the process of

tially imbedded into said conductive surfaces of providing an assembly of an outer tube of conduc-
said inner and outer elements; tive metal, an inner rod of a conductive metal,
said volume extending less than the full length of and an intermediate volume of particles of di-

said inner element to provide a void at a first end 5 electric material concentrically spacing said rod
of said igniter, said void being defined by an within said tube;

exposed portion of said conductive surface of compressing the outer tube radially about said in-
termediate volume and the rod to remove all

psd i n e n ma l con fo a voids in said intermediate volume and to imbedposed portion of said conductive surface of said 10 the peripheral particles of said volume into the

outer element, and the end face of said volume; adjacent surfaces of said tube and rod.
sealing means including a solid annulus of dielectric 9. An igniter according to claim 8 further includina:

material disposed within said void, in abutment removing a portion of said volume after said com-
with said end face of said volume and said conduc- pressing step to provide said void at said first end of
tive surfaces of said inner and outer elements, said 15 said volume.

* annulus, said exposed portion of said conductive 10. An igniter according to claim 9 further including:
surface of said inner element and said exposed por- fixing said igniter into an additional tube to provide
tion of said conductive surface of said outer ele- additional radial support to said outer tube.
ment defining a spark chamber; * * * * *
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projectile 18 initially closes the open end of the stub
LIQUID PROPELLANT WEAPON SYSTEM case before propellant is introduced. A cavity generator

20 is disposed within the bore 22 of the case adjacent to
The U.S. Government has rights in this invention but spaced from the base 24 of the case. The bore 22 has

pursuant to Contract No. N00123-76-C-0164 awarded 5 a portion of smallest diameter 22a adjacent the base 24,
by the Department of Defense. a portion of enlarging diameter 22b, and a portion of

largest diameter 22c adjacent the mouth of the case.
BThe generator 20 is of generally cylindrical shape and

1. Field of the Invention as shown has a central, longitudinally extending, ta-
This invention relates to weapon systems employing 10 pered, large diameter bore 30, and plurality of longitu-

bulk loaded liquid propellant. dinally extending, smaller diameter bores 32 disposed in
2. Prior Art an annular row concentric with the bore 30. Additional
The interior ballistics of bulk loaded liquid propellant bores and rows may be provided. A central, large diam-

guns has been the subject of study fo- a number of years. eter rod 34 extends longitudinally from the base 24, into
In my earlier U.S. patent application, Ser. No. 575,283, 15 and through the bore 30, and a like plurality of shorter
filed May 7, 1975, now U.S. Pat. No. 4,011,817, I dis- rods 36, disposed in an annular row, extend longitudi-
closed a mechanical adaptation of the Taylor theory of nally from the base respectively into the bores 32. The
cavity formation as a means for both controlling the aft face of the generator and the forward face of the
propellant burning rate and achieving a down-bore base, together with the case side wall and the rods,
traveling charge effect. The traveling charge effect is to 20 define an initiating volume or chamber 38. Shoulders 39
be achieved through a subcaliber body of revolution may be provided to limit aftward movement of the
placed at the rear of the liquid charge. Termed the generator within the case.
"cavity generator", the body of revolution is designed A primer 40 is fixed in a cup 42 in the aft face of the
to penetrate the liquid charge during the combustion base and communicates through a flash bore 44 with a
process and to control the rate at which propellant is 25 booster charge 46 in the cup, which cup communicates
supplied to the combustion zone. FIG. 1 illustrates the through a plurality of flash bores 48 with the initating
basic system. A projectile, a propellant charge and a volume 38. The primer may be initiated by a firing pin
cavity generator are shown at a down-bore position 49 in the bolt 16, and with the booster, serves as an
part way through the firing process. Acceleration is to ignition system which provides hot gas to the initiating
the right. The cavity generator separates the bulk of the 30 volume to initiate the firing process.
liquid charge in front of it from the combustion zone Liquid propellant is charged into the bore 22 of the
behind it. The cavity generator is less dense than the case through a port 50 through the side wall of the case
liquid it displaces. The density difference gives rise to a from a valving system 52 in the gun. The charge of
force which causes the cavity generator to move for- liquid propellant displaces the projectile forwardly into
ward into the liquid. As the cavity generator penetrates 35 the bore 54 of the gun barrel 14. Propellant is thus dis-
the charge, propellant flows rearward in a relative sense posed aft of the projectile 18 and forward of the cavityI into the combustion zone. This action continues until generator 20 and inside any open portion of the bores 32
the penetration is complete and all of the propellant has in the generator forward of the rods 36. The number,
been burned. pattern and shape of the bores and rods may be varied

40 to control the degree to which the bores remain filled
SUMMARY OF THE INVENTION with gas, as will be explained later. By means of their

An object of this invention is to provide a gun and interfitting with the bores in the generator, the rods
ammunition system utilizing a liquid propellant travel- support the generator at the rear of the case before
ing charge provided by a cavity generator which pro- firing and also serve to separate the liquid propellant
grams the dynamics of ignition and combustion. 45 from the initiating volume.

A feature of this invention is the provision of a cavity The firing sequence is as follows:
generator having a plurality of longitudinal bores re- 1. The primer 40 is fired, igniting the booster charge
spectively receiving a plurality of rods fixedto the aft 46, to fill the initiating volume 38 with hot gas.
end of the combustion chamber. The interengagement 2. At first the cavity generator 20 acts like a simple
of the bores and rods secures the generator, and pro- 50 piston. It begins to move forwardly, compressing
vides an initiating chamber behind the cavity generator. the propellant, pushing the projectile forward so
An ignition system generates hot gas within the initiat- that the forcing cone and rifling engrave the rotat-
ing chamber to initiate the firing of the round, ing band of the projectile to begin the accelerating

process. The length of the rods prevent the expo-
BRIEF DESCRIPTION OF THE DRAWING 55 sure of liquid propellant to the hot gas.

These and other objects, features and advantages of 3. Subsequently, the cavity generator moves off the
this invention will be apparent from the following speci- shortest rods (36) to expose propellant to the hot
fication thereof taken in conjunction with the accompa- gas. Combustion of the adjacent propellant com-
nying drawing in which: mences. This propellant will generate combustion
FIG. I is a schematic view of a gun and ammunition 60 gasses behind the cavity generator to further the

system as disclosed in Ser. No. 575,283; and piston action of the cavity generator in the acceler-
FIG. 2 is a longitudinal cross-section of a gun and ating process.

ammunition system embodying this invention. 4. Finally, the large diameter center hole, which is
intentionally filled with gas by making it tapered,

DESCRIPTION OF THE INVENTION 65 begins to progress off the center rod. The hot gas

FIG. 2 shows a stub-case, dry loaded, in-the-gun- will go out forwardly because the column of liquid
filled round of ammunition. A stub case 10 is locked into ahead of it is short. The main combustion bubble
a chamber 12 of a gun barrel 14 by a gun bolt 16. A from the central bore, and possibly additional bub-
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bles from the smaller bores, if the smaller bores are 5. A round of ammunition according to claim 3
also tapered, advance forwardly into the main wherein:
charge of liquid propellant, leaving the cavity gen- said first mentioned passageway comprises a substan-
erator behind in the stub case. The generator is tially conical bore of decreasing cross-sectional
ultimately extracted with the case. 5 area from said aft face to said forward face of said

In this manner the size, number and sequence in time cavity generator; and
of the combustion bubbles or cavities entering the main said first mentioned obturating means is a longitudi-
charge of liquid propellant can be controlled. nally extending cylindrical rod of substantially -

What is claimed is: uniform cross-sectional area along its length.
1. A round of ammunition comprising: 10 6. A round of ammunition according to claim 2 fur-
a projectile having a first average density; ther including:
a cavity generator having a second average density; means for supplying hot gas into said initiating vol-

a charge of liquid propellant having a third average ume, for advancing said cavity generator for-

density which is greater than said second average wardly from a first station whereat said passage-

density; and 15 way is closed by said case obturating means to a

a cartridge case; second station whereat said passageway is opened

said cavity generator having a forward face, an aft by said case obturating means and liquid propellant

face, and a passageway extending longitudinally passes through said passageway into said initiating

therebetween; and volume and is ignited by said hot gas.

said cartridge case having means for obturating said 20 7. A round of ammunition according to claim 2 fur-

passageway. ther including:

2. A round of ammunition according to claim 1 means for supplying hot gas into said initiating vol-

wherein: ume, for advancing said cavity generator for-
said cartridge case has a base with an interior forward wardly from a first station whereat said passage-

face; 25 way is closed by said case obturating means to a
acwith its aft face second station whereat said passageway is opened

said cavity generator is disposed wa s at face by said case obturating means and hot gas passes
forward of and spaced from said case base face, and therethrough from said initiating volume into said
therebetween defining an initiating volume, liquid propellant charge.

3. A round of ammunition according to claim 2 30 S. A round of ammunition according to claim 7
wherein: wherein:

said cavity generator includes an additional passage- said first and second stations of said cavity generator
way extending longitudinally between said for- are longitudinally spaced apart within said car-
ward and aft faces of said cavity generator; and tridge case.

said cartridge case includes an additional means for 35 9. A round of ammunition according to claim 8
obturating said additional passageway; and wherein:

further including said passageway in said cavity generator tapers from
means for supplying hot gas into said initiating vol- a relatively larger diameter at said aft face to a

ume, for advancing said cavity generator from a relatively smaller diameter at said forward face.
first station whereat said first mentioned passage- 40 10. A round of ammunition according to claim 5
way is closed by said first mentioned obturating wherein:
means and said additional passageway is closed by said cavity generator includes a first plurality of addi-
said additional obturating means, to a second sta- tional passageways extending longitudinally be-
tion whereat said additional passageway is opened tween said forward and aft faces of said cavity
by said additional obturating means and liquid pro- 45 generator; and
pellant passes through said additional passageway said cartridge case includes a second plurality, equal
into said initiating volume and is ignited by said hot to said first plurality, of additional means for re-
gas, and thereafter, to a third station whereat said spectively obturating each of said additional pas-
first mentioned passageway is opened by said first sageways.
mentioned obturating means and hot gas passes 5o 11. A round of ammunition according to claim 10
through said first mentioned passageway from said wherein:
initiating volume into said liquid propellant charge. said first station of said cavity generator is identical

4. A round of ammunition according to claim 3 for said first mentioned passageway and said first
wherein: plurality of additional passageways; and

said first mentioned passageway has a decreasing 55 said first plurality of additional passageways is
cross-sectional area from said aft face to said for- opened by said second plurality of additional case
ward face of said cavity generator; and obturating means at an intermediate station dis-

said first mentioned obturating means is a longitudi- posed longitudinally between said first station and
nally extending rod having a substantially uniform said second station.
cross-sectional area along its length. 60 * * * *
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1 4,126,0781 2
round which is passed during a relatively extended

LIQUID PROPELLANT WEAPON SYSTEM period of time to the combustion chamber.

This application is a division of Ser. No. 707,143, filed BRIEF DESCRIPTION OF THE DRAWING
July 20, 1976. now U.S. Pat. No. 4,069,739. 5 These and other objects, features and advantages of

this invention will be apparent from the following speci-
BACKGROUND OF THE INVENTION fication thereof taken in conjunction with the accompa-

I. Field of the Invention nying drawing in which:
This invention relates to weapon systems employing FIG. 1 is a view in longitudinal cross-section of an

a liquid propellant, and particularly to such systems 10 idealized round of ammunition having a sabot and a
wherein the propellant is continuously pumped into the system to regeneratively pump liquid propellant, the
combustion chamber as the projectile advances along round is here shown in its telescoped, minimum length
the firing bore. configuration, without liquid propellant;

2. Prior Art FIG. 2A through E respectively illustrate, within the
Weapons systems providing traveling charge effects 15 gun bore, the

on projectiles, or rockets, or other related systems, are (A) before charging with liquid propellant configura-
shown, for example, in U.S. Pat. Nos. 3,431,816; tion,
3,411,403; 3,459,101; 3,496,827; 3,601,056; 3,613,499; (B) after charging with liquid propellant and ready
3,628,457; 3,648,616; 3,665,803; 3,696,749; 3,698,321; for initiation of the primer configuration,
3,712,171; and 3,728,937. In a final report for the Bureau 20 (C) shortly after initiation and commencement of
of Ordnance, Department of the Navy, under Contract injection of liquid propellant into the combustion
NOrd 16217 Task 1, dated Sept. 1, 1957, work was chamber configuration,
described on a propellant carrying projectile. "This (D) midbore configuration, and
projectile contained approximately 100 grams of a hy- (E) bore exiting and sabot stripping configuration,
drazine, hydrazine nitrate, water monopropellant (63, 25 in the sequence of operations of the round of FIG. 1;
32, and 5% by weight respectively). Upon ignition of FIG. 3 is a view in longitudinal cross-section of a
the primary bipropellant charge in the breech, regener second embodiment of this invention;
.ative injection of the bipropeilants progresses in the FIG. 4 is a view in longitudinal cross-section of auative neiono the proeleais progee The third embodiment of this invention;

usual manner, and the projectile is accelerated. The 30 FIG. 4a is a detail of a variant of the embodiment
accelerating forces upon the projectile components are shown in FIG. 4;
so adjusted as to produce relative motion between the FIGS. 5 and 6 are views in longitudinal cross-section
projectile body and the center plunger. This motion of a fourth embodiment of this invention;
expels the extrapped monopropellant rearward past the FIG. 7 is a view in longitudinal cross-section of a fifth
fragile seal disk into the hot combustion chamber gases, 35 embodiment of this invention;
where it burns while the projectile is accelerated." The FIG. 8 is a view in longitudinal cross-section of a[ projectile apparently comprised a forward solid cylin- sixth embodiment of this invention;
drical projectile whose outer wall engaged the inner FIGS. 9 and 10 are views in longitudinal cross-sec-
wall of the firing bore, an intermediate, longitudinally tion of a seventh embodiment of this invention;
central rod journaled through a bore in the projectile, 40 FIGS. 11, 12 and 13 are views in longitudinal cross-
and an aft sealing disk fixed to the rod and whose pe- section of an eighth embodiment of this invention;
riphery engaged the inner wall of the firing bore. The FIG. 14 is a view in longitudinal cross-section of a
monopropellant was trapped between the forward cy- ninth embodiment of this invention;
lindrical projectile and the aft disk within the firing FIG. 15 is a view in longitudinal cross-section of a
bore. Solid primary charges were also used in lieu of 45 tenth embodiment of this invention; and
liquid primary charges. A separate static sealing disk FIG. 16 is a view in longitudinal cross-section of an
was also used in lieu of the peripheral seal on the aft eleventh embodiment of this invention.
sealing disk.SUMMARY OFsk. TDESCRIPTION OF THE EMBODIMENTSSUMMARY OF THE INVENTION

S0 Rod shaped penetrators launched at high velocities
It is an object of this invention to provide a gun and from medium caliber guns are effective against some

ammunition system for launching rod-shaped projec- types of armor. Since rod penetrators are characteristi-
tiles at high velocity. cally long and thin, sabot launching techniques are

It is an additional object to provide such a system conventionally employed. The sabot in this case is es-
utilizing liquid propellants. 55 sentially a light weight piston of diameter larger than

A feature of this invention is the provision of a gun the penetrator, and which supports the heavier penetra-
and ammunition system utilizing a round of ammunition tor. In the launching or firing process, the combustion
which contains a supply of liquid propellant and after gas acts against the area of the full diameter of the sabot,
ignition pumps this propellant into the combustion rather than against the rod alone, in accelerating the
chamber of the gun. 60 two in combination.

An additional feature of this invention is the provi- Liquid propellants have several desirable characteris-
sion of a gun and ammunition system utilizing a round tics, such as relatively low flame temperature and ease
of ammunition carrying a relatively narrow diameter of storage and handling. A major problem in the use of
and relatively high mass projectile in a relatively wide liquid propellants lies in the control of the ballistic pro-
and relatively low mass sabot, which is initially acceler- 65 cess in the combustion chamber. Propellants can beated by a primary propellant charge in the combustion either placed in the chamber before firing and then be
chamber aft of the projectile and which is subsequently ignited; or it can be metered into the chamber during

accelerated by a secondary propellant charge in the the combustion process. The last mentioned, sometimes

Ik
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3 4called preloading, is easier to do mechanically, but per- placed into the breech of a gun barrel and the breech

mits little control over burning after ignition. U.S. Pat. has been closed. The fill passageways 30 are aligned
No. 3,763,739 issued to D. P. Tassie on Oct. 9, 1973, with suitable fil ports 31 in the breech wall of the gun,
discloses a gun system of this type. The second men- such as are shown in U.S. Pat. No. 3,763,739, supra,
tioned, sometimes called forced injection, permits con- 5 which must incorporate high pressure fill valves or
trol over the rate of burning through control over the check valves which can withstand firing pressure.
rate of introduction of the propellant, but involves ex- These passageways serve as means for providing liquid
tremely high pumping pressures. Such high pressures propellant to the round of ammunition in the firing
pose stringent requirements on seals, fittings and struc- bore.
tural components. If the energy for forced injection is to 10 As shown in FIG. 2B, propellant is pumped into the
be supplied from an external source, the power require- interface between the injector plate 20 and the pusher
ments are very high. For example, the power required plate 14, progressively pushing the pusher plate for-
to pump three cubic inches of propellant across a pres- ward within the bore 18 to create an injection volume
sure drop of 10,000 psi in 20 milliseconds is 227 hp. This 42 which receives a complete charge. Stops can be
can be averaged over a larger period in an actual gun to 15 provided to halt the forward advance of the nose stabi-
lower the peak value, but the power requirement is still lizer, or preferably, the charge can be metered. The
unreasonable. round is shown fully charged and ready for firing.

An effective solution to the power requirement for As shown in FIG. 2C, firing is initiated by setting off
pumped injection is to utilize the combustion chamber the primer, which rapidly generates a small volume of
pressure itself as the source of energy for pumping. 20 high pressure, hot gas in the space 43 aft of the injector
Called regenerative injection, this scheme uses a differ- plate which serves as the combustion chamber. This
ential area piston for each propellant. The larger end of high pressure aft of the loaded round produces an im-
the piston is acted on by the chamber pressure, and the mediate acceleration of the complete round. The over-
smaller end pressurizes the propellant to be injected, all force producing the acceleration, which force is
The difference in areas generates a propellant pressure 25 equal to the chamber pressure times the chamber cross-
sufficiently high than the chamber pressure to achieve sectional area, is exerted against the aft face of the injec-
the desired rate of injection. tor plate. The penetrator and sabot assembly has a rela-

FIRST EMBODIMENT tively high weight relative to the weight of the body 16
with a correspondingly relatively high inertia. A por-

• Turning now to FIG. 1, a first embodiment of the 30 tion of the accelerating force is absorbed in accelerating
invention is shown as an idealized round of ammunition the body 16 per se, but the remainder of the accelerating
having a sabot and regenerative, liquid propellant force is transmitted by the forward surface of the injec-
pumping system, for use in a gun which will fill the tor plate against the charge of liquid propellant. The
round with propellant before firing. The penetrator 10 resultant pressure developed in the liquid is the trans-
is here shown as a rod which upon launching will be 35 mitted force divided by the liquid or injection volume
drag stabilized. The sabot is a three piece assembly, cross-sectional area. When the ratio of the areas of the
comprising an annular nose stabilizer 12 fixed to the aft face of injector plate and the injection volume, and
forward end of the penetrator, a circular pusher-plate the body weight and the total round weights are prop-
14 fixed to the aft end of the penetrator, and a cylindri-
cal body 16. The body 16 has an internal bore 13 closed 40 which is higher than the chamber pressure as follows:
at its aft end 20, which bore receives the plate 14. The
aft end 20 serves as an injector plate and has a plurality
of longitudinal bores 22 therethrough serving as injec- L A
tion passageways. Each bore is obturated by a respec- P = Ai(I -

tive plug 24. An aft recess 26 receives a primary propel- 45
lant charge, here shown as a solid primer 28. One or where
more substantially radially oriented bores 30 pass PL is liquid pressure,
through the side wall 32 of the body into the interface PC is chamber pressure,
between the plate 20 and the plate 14, to serve as propel- AC is chamber area,
lant fill passageways. An annular seal 34 is providled on 50 AL is liquid area,
the periphery of the plate 14, and a pair of annular seals WD is body weight, and

* 36 are provided on the periphery of the body 16 strad- WTOTis the sum of the body, the liquid and the pene-
dling the fill passageways. trator and sabot assembly weights.

The plugs 24 may be embodied as relief valves, indi- The difference between the two pressures PL and PC
vidual plugs, a burst diaphragm fixed to the forward 35 is the driving force which can be utilized for regenera-
face of the injector plate, or simply portions of the bore tive injection.
material not fully drilled through, all of which will The plugs 24 are designed to open at a predetermined
shear or open at the desired pressure level, difference in pressure between the interior volume and

The penetrator and sabot assembly may be preloaded the combustion chamber. These plugs serve as a pres-
with liquid propellant through the fill passageways, 60 sure sensitive obturating means. As shown in FIG. 2C,
which are then plugged, before being placed in the gun. when this difference is reached, the plugs will open and
Alternatively, the assembly may be placed in the firing propellant will flow into the chamber. The injection
bore 40 of the gun and then loaded with propellant. The passageways 22 serve to atomize or break up the propel-
actual firing process is the same for each scheme, and lant streams through techniques similar to those used in
loading within the gun will be discussed with respect to 65 rocket injector design. As the propellant streams ini-
FIGS. 2A through 2C. tially encounter the hot primer gases they ignite, gener-

As shown in FIG. 2A, the penetrator and sabot as- ating more hot gas. Incoming propellant continues to
sembly, still without its propellant charge, has been ignite and the process becomes self-sustaining, and gen-

*-
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4,126,0785 6
crates increasing chamber pressure, which accelerates 5. The injection system and high pressure seals are
the process. The process continues until the propellant used only once for each shot and are then discarded.
is expended. Meanwhile, the whole round is being ac- 6. The sabot and projectile assemblies may be stored
celerated along the bore by what is in effect, a traveling and transported as essentially inert, considering the
charge. FIG. 2D shows the round at mid-bore length 5 primer to be relatively insignificant. The assemblies do
with the propellant partially expended. not become active until the introduction of the propel-

i[ As the round leaves the muzzle, the sabot fore and aft lant. This can be delayed until after chambering and
supports are stripped from the penetrator which contin- locking in the gun.
ues on its course. FIG. 2E shows the nose stabilizer 12 The specification so far has dealt with idealized pro-
acting under wind forces to open the body 16 and free 10 jectile and sabot assemblies and their launching tech-
the penetrator. niques. Cartridges embodying such assemblies may be

The entire body 16 is here shown as engaging the provided in at least several different configurations.
rifling of the bore 40 to provide spin to the entire round THIRD EMBODIMENT
if a spin stabilized projectile is used. Alternatively a
lesser annular portion of the body may engage the ri- 15 FIG. 4 shows the simplest pre-filled cartridge case
fling, embodiment. The projectile and sabot assembly arc

crimped into a cartridge case 100. The assembly com-
SECOND EMBODIMENT prises a forward annulus 102 which serves as a pusher

Frictional forces are developed between the body 16 plate and has a central bore 104 receiving a spin stabi-
and the interior wall of the bore 40 as the round is 20 lized projectile 106 and a plurality of bores 106 disposed

launched, which are a function of the materials of the in an annular row, each receiving a respective one of a

body 16 and the bore 40 of the gun barrel. An alterna- like plurality of rods 110 which are respectively fixed to

tive embodiment which minimizes such frictional forces an injector plate 112. The injector plate has an annular

is shown in FIG. 3. seal 114 fixed to its peri-rhery and a plurality of longitu-

The penetrator 50 is here shown as a rod which is 25 dinal injection passageways 116 which are closed by a

stabilized by a plurality of fins 52. The sabot is a t diaphragm 118 fixed to the forward face of the plate.

piece assembly comprising an annular nose stabilizers 5 The liquid propellant charge 120 is contained between
piee tossey foprisin anannulard endo pnetabirr the annulus 102, the plate 112 and the inner wall 122 of
fixed tO the forward end of the penetrator, a circular the case 100. The bore of the case includes an external
pusher-plate 56 fixed to the aft end and an injection30pie12incmucaonwtannerlbosr

plate 58 having a plurality of forwardly, longitudinally 30 primer 124 in communication wth an internal boostertube 126 disposed in the combustion chamber 128 which
extending, integral rods 60. The pusher plate 56 has a is defined by the base of the case, the injector plate and
like plurality of longitudinal bores 62 with respective the interior wall of the case. Upon ignition the injector

annular seals 64 each passing a respective one of the plate and its rods move forwardly relative to the annu-
rods 60. The injector plate 58 also has a plurality of 35 lus, rupturing the diaphragm and injecting propellant
longitudinal bores 66 therethrough each obstructed by a into the combustion chamber. This diaphragm serves as
respective plug 68, and an aft recess 70 receiving a a pressure sensitive obturating means. The inner wall
primary propellant charge 72, all similar to the embodi- 122 of the case is cylindrical and coplanar with the inner
ment of FIG. 1. These plugs serve as a pressure sensitive wall 40 of the bore of the gun barrel, so that the forward
obturating means. An annular seal 74 is provided in the 40 annulus and the injector plate smoothly leave the case
periphery of the injector plate, and an annular seal 76 is and ride along the gun bore. The forward annulus may
provided in the periphery of the pusher plate. This be made up of segments to provide ready rupture and
penetrator and sabot assembly is disposed in the gun for release of the projectile when the assembly leaves the
filling with propellant with the fill ports in the breech gun bore.
wall of the gun aligned with the interface between the 45 The injector plate 112 may be made of arched cross-
injection plate and the pusher plate. section for a greater strength to weight ratio.

The use of the rods 60 upon which the pusher plate The rods 110 may be replaced with hollow tubes
can slide permits the omission of the body structure, so 110a, as shown in FIG. 4a, which are closed at their
that only the peripheries of the pusher plate, the injector forward ends and open at their aft ends so that the
plate and the stabilizer need contact the wall of the 50 interior volume of each tube communicates with and is
barrel bore 40. The liquid propellant is contained be- at the same pressure as the combustion chamber 128.
tween the pusher plate, the injector plate and the wall of This permits the use of a thin wall tube whose val
the barrel bore. The necessary differential in areas is thickness become progressively thinner from front to
provided by the total cross-sectional areas of the rods rear; since as the length of the tube exposed forwardly
60. The rods provide an added advantage in the sabot 55 of the annulus 102 into the atmosphere increases, the
stripping phase of the launching cycle as they are rela- combustion chamber pressure decreases.
tively weaker and therefore easier to deflect radially FOURTH EMBODIMENT
outwardly than the equivalent cylindrical body 16.

Both of the embodiments described above provide In the embodiments discussed above, all of the injec-
the following advantages: 60 tion of the propellant into the combustion chamber
1. Controlled injection is achieved through regenera- takes place through the passageways of the injector

tive pumping action; plate. An enlarged "Taylor cavity" will be formed by
2. The inertia of the projectile itself is the source of providing a tubular cylinder of propellant liquid in the

the pumping force; combustion chamber as said chamber is being enlarged
3. The injection mechanism is incorporated into the 65 by the forward movement of the injector plate. The

penetrator and sabot assembly, with very little effect on "Taylor cavity" provides a liquid-gas interface for com-
the gun design; bustion. This is accomplished by providing a variable

4. A traveling charge effect is achieved; internal diameter in the case which increases towards

I



14 4,126,078 8
the mouth of the case. As shown in FIG. 5, the bore 150 row to serve as propellant filling passageways. In the
of the case may be tapered, or as shown in FIG. 6, the stored configuration, as shown in FIG. 9, the annulus
bore 152 of the case may be stepped to provide a vari- 262 is nested aft, close to the injector plate, without any
able, increasing, orifice for the liquid propellant around liquid propellant, and the seals 258 and 264 straddling
the periphery of the injector plate. 5 the row of bores 276. After the case has been loaded

Finto the gun and the gun breech has been locked, the
FIFTH EMBODIMENT liquid propellant charge is pumped through aligned

The injector plate should be prevented from moving ports in wall of the breech of the gun as described with
aft under impulse loads exerted by the liquid propellant respect to FIG. 2B. The injector plate is prevented from
under conditions of vigorous handling or in the event a 10 aftward movement by suitable means, such as the stops
cartridge is dropped on its base. This can be accom- described with respect to FIG. 7. As the liquid propel-
plished by providing stops on the displacement rods aft lant charge is pumped into the interface between the
of their engagement with the injector plate; a step can injector plate and the annulus, it forces the annulus
be provided in the interior wall of the case aft of the forward until it is stopped by the stabilizing ring, which
injector plate; or the injector plate may be fastened to 15 provides an automatic metering device for the filling
the interior wall of the case by a weak joint which will operation.
rupture under the firing forces. To further minimize the Both pre-loaded and dry-loaded cased cartridges
effects of handling loads the stops may be made resil- share the following advantages:
ient. As shown in FIG. 7, the interior wall 154 may be 1. Sealing of the breech is provided by the case.
provided with a step 156 to abut the outer margin of the 20 2. The priming system is conveniently provided for
injector plate 158. A helical spring 160 may be captured each round.
between an additional step 162 and the injector plate to 3. A misfired round can be completely extracted by
resiliently fix the inputs plate and to permit it to move extracting the case.
aft slightly before abuting the positive shoulder 156. The dry-loaded cartridge has the additional follow- -

SIXTH EMBODIMENT 25 ing advantages for shipping and handling:
1. The projectile is telescoped within the case for

In the embodiment shown in FIG. 8, a prefilled case shipping and for loading into the gun. This minimizes
is provided which has an interior annular wall 200 ex- the length of the parts to be handled.
tending from the base 202 which together with the 2. The cartridge is relatively safe. In the absence of
injector plate 204 and its peripheral seal 205 defines an 30 propellant, the primer and booster are the only com-
initial combustion chamber. An external primer 206 bustible components present.
communicates with an internal booster 208 disposed in 3. The propellant is loaded separately through con-
the initial combustion chamber. A plurality of rigid, trol valves and piping. This can be controlled remotely
spaced apart, partitions 210 extend inwardly from the if necessary.
interior wall 212 of case which is tapered progressively 35 4. The breech is closed before the propellant is
inwardly from the base to the neck 214 to provide a charged into the cartridge, providing additional safety.
series of compartments 216 of decreasing volume, each EIGHTH EMBODIMENT
opening into a central bore 217. As described with re-
spect to FIG. 4, the injector plate is fixed to rods 218 FIGS. 11 and 12 show a dry-loaded uncased car-
which are journaled through respective bores 219 in an 40 tridge, which is loaded, locked, filled and fired in a
annulus 220 which retains the projectile 222. The bore manner similar to the cased cartridge of FIGS. 9 and 10.
223 of the neck is coplanar with the gun bore 40. Liquid The sabot and projectile assembly comprises an injector
propellant is stored forward of the injection plate in the plate 300 having a peripheral seal 302 and a plurality of
compartments 216 and in the central bore. The propel- longitudinally extending rods 304 fixed thereto and
lant in the central bore is injected into the combustion 45 respectively journaled through bores 305 in an annulus
chamber by the injection plate as discussed with respect 306 which has a peripheral seal 307 and an axial bore -'7

to FIG. 4. The propellant in each open compartment 308 receiving a projectile 310. A stabilizing ring 312 has
216 tends to remain in place and to ignite as its compart- a like plurality of bores 314 journaling said rods 304 and
ment is exposed to the initial combustion chambes as the an axial bore 316 adapted to pass the projectile. As
injection plate moves forward, also providing a "Taylor 50 shown in FIG. 13, a primer and booster assembly corn-
Cavity" effect. prises a sleeve 318 which cemented to the aft face of the

N Einjector plate 300. The sleeve is molded of solid propel-
SEVENTH EMBODIMENT lant, of sufficient strength to provide a small combus-

FIGS. 9 and 10 show a dry loaded cased cartridge tion chamber 320 initially, but which will ultimately
embodiment, similar to the case of FIG. 4. The car- 55 burn. A combustible primer 322 is fixed in a cup 324 in
tridge is provided with a case 250 having a primer 252 the exterior of the base of the sleeve and which commu-
communicating with a booster charge 254, and a projec- nicates by a passageway 326 with the combustion cham-
tile and sabot assembly. The sabot includes an injector ber 320. The forward end of the sleeve is closed with a
plate 256 having a peripheral seal 258 and a plurality of plug 328 which may be cemented. Radially extending
longitudinally extending rods 260 fixed thereto and 60 flame passageways 330 are provided through the walls
respectively journaled through bores 261 in an annulus of the sleeve. These passag.aways are initially closed, as
262 which has a peripheral seal 264 and an axial bore by plugs, being only partially formed through, or cov-
266 receiving a projectile 268. A stabilizing ring 270 is ered by a diaphragm. Loose powder is disposed in the
retained against non-firing loads aft of the mouth of the combustion chamber.
case as by cementing or crimping and has a like plurality 65 The length of the primer and booster assembly is
of bores 272 journaling said rods 260 and an axial bore made equal to the length of the combustion chamber of
274 adapted to pass the projectile. A plurality of radial the gun. When the cartridge is chambered and the
bores 276 are disposed through the case in an annular breech is locked, the primer 322 is adjacent the face 332
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of the breech block, and may be ignited by a conven- with the aft end of the neck. A frangible diaphragm 524
tional percussion firing pin 334, or electrical firing is cemented over the forward end of the tube and an
means. The primer ignites the loose powder immedi- annular priming system 526 is cemented onto the dia-
ately, generating hot gases which rupture the flame phragm. The priming system is similar to a torus of
passageway closures and pass into the combustion 5 square cross-section, having flame passageways, loose
chamber. The molded combustible sleeve burns more powder, and an electrical firing system whose leads

[ slowly than the loose powder, but eventually all is con- may be brought through the diaphragm and out the
sumed. The hot gas initiates the regenerative liquid bore of the neck and the nozzle or through the sidewall
propellant injection process as described previously, of the case. Liquid propellant is stored in the chamber

The dry-loaded caseless cartridges have the follow- 10 defined by the base plate 508, the injection plate 520, the
, ing advantages: side 502, and the neck 518.

I. The system is completely combustible. The gun This embodiment does not provide a traveling
chamber is completely empty after each shot. charge. Ignition of the priming system ruptures the

2. The primary system is an integral part of the car- diaphragm and moves the injector and nozzle assembly
V tridge as supplied to the gun. 15 aft, which in turn provides regenerative pumping for-

3. The primary system may be fabricated using con- wardly of the liquid propellant through the passage-
ventional caseless ammunition technology, ways of the injector plate.

NINTH EMBODIMENT ELEVENTH EMBODIMENT

FIG. 14 shows a recoiless gun embodiment of a case- 20 FIG. 16 shows a recoilless gun embodiment employ-
less cartridge similar to that shown at FIG. 12. The ing a reaction or compensating mass of the type shown
sabot and projectile assembly comprises an injector in U.S. Pat. No. 1,108,716. The upper half of the figure
plate 400 having a peripheral seal 402 and a plurality of illustrates the use of a cartridge case, while the lower
longitudinally extending rods 404 fixed thereto and half illustrates the omission of a cartridge case. This
respectively journaled through bores 405 in an annulus 25 embodiment does not provide a traveling charge. In its
406 which has a peripheral seal 408 and an axial bore
410 receiving a projectile 412. A stabilizing ring 414 has simplest form, the gun includes a firing bore 600 open at
a like plurality of bores 416 journaling said rods 404 and both ends. A projectile 602 with a rotating band 60-,e
an axial bore 418 adapted to pass the projectile. A prim- y
ing system comprising a sleeve 420 which may be 30 in a tubular cartridge case 603 which is disposed in the

molded of solid propellant is cemented to the aft face of bore 600. The assembly comprises a solid reaction mass

the injector plate 400. The sleeve has radially extending 604 having a peripheral seal 606 and a central bore with

flame passageways 422 which are initially closed and an annular seal 607, in which is journaled a rod 608 to

contains loose powder which may be ignited by an whose forward end is flied an injection plate 610 similar

electrical firing system 424. A frangible diaphragm 426 35 to those described in the previous species, having injec-
is cemented to the aft end of the sleeve. The initial tion bores 610a closed by a frangible diaphragm 610b,
combustion chamber is provided within the sleeve, and and having a peripheral seal 612. A priming system 614
the subsequent combustion chamber is defmed between is fixed to the forward face of the injection plate. The
the injection plate and the diaphragm. The diaphragm is priming system may comprise a sleeve molded of coin-
adapted to burst at a pressure which is high enough to 40 bustible material with flame passageways, filled with
insure that initiating combustion has been achieved, loose powder, and having an electrical firing means

The gun 427 includes suitable ports 428 to pass liquid which may be brought out through the rod 608. Firing
propellant to the interface between the injection plate is initiated by hot gases generated by the priming system
400 and the annulus 406. The gun also includes a con- in the combustion chamber defined between the projec-
verging/diverging nozzle 430 in lieu of the conven- 45 tile and the ignition plate. The liquid propellant is stored
tional closed breech. This nozzle may be of the type in the chamber defined between the injection plate and
shown, for example, in U.S. Pat. Nos. 2,444,949, the reaction mass, and serves as part of the total reaction
2,696,760, 2,790,353 and 3,610,093. The nozzle provides mass, so that the solid mass actually ejected out the
an expansion chamber and a venturi orifice therein to breech of the gun is less than required by fixed, solid
allow a sufficient amount of the combustion gases to 50 propellants. In the caseless embodiment, the case is
expand and escape rearwardly, thereby stabilizing the omitted and the liquid propellant is injected as discussed
gun against recoil. The nozzle may be made separable with respect to FIG. 2B.
from the breech to permit loading of the cartridge. FIG. It is contemplated that the inventive concepts herein-
14 shows the annulus 406 midway in its forward ad- above described may be variously otherwise embodied
vance during the loading with liquid propellant. 55 and combined without departing from the inventive

principles included and intended to be covered by the
TENTH EMBODIMENT appended claims, except insofar as limited by the prior

FIG. I shows a recoiless gun embodiment of a art.
cased, preloaded cartridge. The cartridge includes a What is claimed is:
case 500 having a side 502, a shoulder 504, a neck 506 60 1. A weapon system comprising:
and a base plate 508 threaded into the side 502. A pro- a gun having a firing bore;
jectile 510 is crimped into the neck, and is received in a round of ammunition disposed in said firing bore
the firing bore 512 of the gun. The base plate 508 has including:
central bore 514 with an annular seal 516 to pass the a relatively high mass projectile means longitudinally
neck 518 ora tubular injector and nozzle assembly. This 65 slidable in and closing the forward end of said
assembly includes an annular injection plate 520 having firing bore;
an annular seal 522 integral with the forward end of the a relatively high reaction mass longitudinally slidable
neck and a converging/diverging nozzle 523 integral in and . losing the aft end of said firing bore, and

pJ
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having a central bore longitudinally extending said passageway and adapted to open said passage-
therethrough; way upon a predetermined pressure being applied

a relatively low mass piston longitudinally slidable to said forward face;
within and sealed to said firing bore and disposed said projectile means, said firing bores and said piston
aft of said projectile means and forward of said 5 defining a combustion chamber;
reaction mass, and having a central rod longitudi- said reaction mass, said firing bore, said piston rod
nally extending into and sealed to said central bore and said piston defining a liquid propellant storage
of said reaction mass, area.

said piston having a forward face of relatively large 2. A system according to claim 1 further including:
cross-sectional area and an aft face of relatively 10 a tubular cartridge case enclosing said projectile
small cross-sectional area, and a passageway com- means, said piston and said reaction mass, and serv-
municating said aft face with said forward face, and ing a part of said firing bore.
a pressure sensitive obturating means obturating
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LIQUID PROPELLANT WEAPON SYSTEM BRIEF DESCRIPTION OF THE DRAWING
This application is a division of Ser. No. 707,143, filed These and other objects, features and advantages of

July 20, 1976, now U.S. Pat. No. 4,069,739. this invention will be apparent from the following speci-
5 fication thereof taken in conjunction with the accompa-

BACKGROUND OF THE INVENTION nying drawing in which:
I. Field of the Invention FIG. I is a view in longitudinal cross-section of an
This invention relates to weapon systems employing idealized round of ammunition having a sabot and a

a liquid propellant, and particularly to such systems system to regeneratively pump liquid propellant, the
wherein the propellant is continuously pumped into the 10 round is here shown in its telescoped, minimum length
combustion chamber as the projectile advances along configuration, without liquid propellant;
the firing bore. FIG. 2A through E respectively illustrate, within the

2. Prior Art gun bore, the
Weapons systems providing traveling charge effects (A) before charging with liquid propellant configura-

on projectiles, or rockets, or other related systems, are 15 tion,
shown, for example, in U.S. Pat. Nos. 3,431,816; (B) after charging with liquid propellant and ready
3,411,403; 3,459,101; 3,496,827; 3,601,056; 3,613,499; for initiation of the primer configuration,
3,628,457; 3,648,616; 3,665,803; 3,696,749; 3,698,321; (C) shortly after initiation and commencement of
3,712,171; and 3,728,937. In a final report for the Bureau injection of liquid propellant into the combustion
of Ordnance, Department of the Navy, under Contract 20 chamber configuration,
NOrd 16217 Task 1, dated Sept. 1, 1957, work was (D) midbore configuration, and
described on a propellant carrying projectile. "This (E) bore exiting and sabot stripping configuration,
projectile contained approximately 100 grams of a hy- in the sequence of operations of the round of FIG. 1;
drazine, hydrazine nitrate, water monopropellant (63, FIG. 3 is a view in longitudinal cross-section of a
32, and 5% by weight respectively). Upon ignition of 25 second embodiment of this invention;
the primary bipropellant charge in the breech, regener- FIG. 4 is a view in longitudinal cross-section of a
ative injection of the bipropellants progresses in the third embodiment of this invention;
usual manner, and the projectile is accelerated. The FIG. 4a is a detail of a variant of the embodiment
accelerating forces upon the project.le components are shown in FIG. 4;
so adjusted as to produce relative motion between the 30 FIGS. S and 6 are views in longitudinal cross-section
projectile body and the center plunger. This motion of a fourth embodiment of this invention;
expels the extrapped monopropellant rearward past the FIG. 7 is a view in longitudinal cross-section of a fifth
fragile seal disk into the hot combustion chamber gases, embodiment of this invention;
where it burns while the projectile is accelerated." The FIG. 8 is a view in longitudinal cross-section of a
projectile apparently comprised a forward solid cylin- 35 sixth embodiment of this invention;
drical projectile whose outer wall engaged the inner FIGS. 9 and 10 are views in longitudinal cross-sec-
wall of the firing bore, an intermediate, longitudinally tion of a seventh embodiment of this invention;

1K central rod journaled through a bore in the projectile, FIGS. 11, 12 and 13 are views in longitudinal cross-
and an aft sealing disk fixed to the rod and whose pe- section of an eighth embodiment of this invention;
riphery engaged the inner wall of the firing bore. The 40 FIG. 14 is a view in longitudinal cross-section of a
monopropellant was trapped between the forward cy- ninth embodiment of this invention;
lindrical projectile and the aft disk within the firing FIG. 15 is a view in longitudinal cross-section of a
bore. Solid primary charges were also used in lieu of tenth embodiment of this invention; and
liquid primary charges. A separate static sealing disk FIG. 16 is a view in longitudinal cross-section of an
was also used in lieu of the peripheral seal on the aft 45 eleventh embodiment of this invention.
sealing disk. DESCRIPTION OF THE EMBODIMENTS

SUMMARY OF THE INVENTION Rod shaped penetrators launched at high velocities

It is an object of this invention to provide a gun and from medium caliber guns are effective against some
ammunition system for launching rod-shaped projec- 50 types of armor. Since rod penetrators are characteristi-
tiles at high velocity. cally long and thin, sabot launching techniques are

It is an additional object to provide such a system conventionally employed. The sabot in this case is es-
utilizing liquid propellants. sentially a light weight piston of diameter larger than

A feature of this invention is the provision of a gun the penetrator, and which supports the heavier penetra-
and ammunition system utilizing a round of ammunition 55 tor. In the launching or firing process, the combustion
which contains a supply of liquid propellant and after gas acts against the area of the full diameter of the sabot,
ignition pumps this propellant into the combustion rather than against the rod alone, in accelerating the
chamber of the gun. two in combination.

An additional feature of this invention is the provi. Liquid propellants have several desirable characteris-
sion of a gun and ammunition system utilizing a round 60 tics, such as relatively low flame temperature and ease
of ammunition carrying a relatively narrow diameter of storage and handling. A major problem in the use of
and relatively high mass projectile in a relatively wide liquid propellants lies in the control of the ballistic pro-
and relatively low mass sabot, which is initially acceler- cess in the combustion chamber. Propellant can be el-
ated by a primary propellant charge in the combustion ther placed in the chamber before firing and then be
chamber aft of the projectile and which is subsequently 65 ignited; or it can be metered into the chamber during
accelerated by a secondary propellant charge in the the combustion process. The last mentioned, sometimes

6 round which is passed during a relatively extended called preloading, is easier to do mechanically, but per-
period of time to the combustion chamber. mits little control over burning after ignition. U.S. Pat

. .. .. . . . . . . . .



4,132,149

No. 3,763,739 issued to D. P. Tassie on Oct. 9, 1973, with suitable fill ports 31 in the breech wall of the gun,
discloses a gun system of this type. The second men- such as are shown in U.S. Pat. No. 3,763,739, supra,
tioned, sometimes called force injection, permits con- which must incorporate high pressure fill valves or
trol over the rate of burning through control over the check valves which can withstand firing pressure.
rate of introduction of the propellant, but involves ex- 5 These passageways serve as means for providing liquid
tremely high pumping pressures. Such high pressures propellant to the round of ammunition in the firing
pose stringent requirements on seals, fittings and struc- bore.
tural components. If the energy for forced injection is to As shown in FIG. 2B, propellant is pumped into the
be supplied from an external source, the power require- interface between the injector plate 20 and the pusher
ments are very high. For example, the power required 10 plate 14, progressively pushing the pusher plate for-
to pump 3 cubic inches of propellant across a pressure ward within the bore 18 to create an injection volume
drop of 10,000 psi in 20 milli-seconds is 227 hp. This can 42 which receives a complete charge. Stops can be
be averaged over a larger period in an actual gun to provided to halt the forward advance of the nose stabi-
lower the peak value, but the power requirement is still lizer, or preferably, the charge can be metered. The
unreasonable. 15 round is shown fully charged and ready for firing.

An effective solution to the power requirement for As shown in FIG. 2C, firing is initiated by setting off
pumped injection is to utilize the combustion chamber the primer, which rapidly generates a small volume of
pressure itself as the source of energy for pumping. high pressure, hot gas in the space 43 aft of the injector
Called regenerative injection, this scheme uses a differ- plate which serves as the combustion chamber. This
ential area piston for each propellant. The larger end of 20 high pressure aft of the loaded round produces an im-
the piston is acted on by the chamber pressure, and the mediate acceleration of the complete round. The over-
smaller end pressurizes the propellant to be injected. all force producing the acceleration, which force is
The difference in areas generates a propellant pressure equal to the chamber pressure times the chamber cross-
sufficiently high than the chamber pressure to achieve sectional area, is exerted against the aft face of the injec-
the desired rate of injection. 25 tor plate. The penetrator and sabot assembly has a rela-

FIRST EMBODIMENT tively high weight relative to the weight of the body 16
with a correspondingly relatively high inertia. A por-

Turning now to FIG. 1, a first embodiment of the tion of the accelerating force is absorbed in accelerating
invention is shown as an idealized round of ammunition the body 16 per se, but the remainder of the accelerating
having a sabot and regenerative, liquid propellant 30 force is transmitted by the forward surface of the injec-
pumping system, for use in a gun which will fill the tor plate against the charge of liquid propellant. The
round with propellant before firing. The penetrator 10 resultant pressure developed in the liquid is the trans-
is here shown as a rod which upon launching will be mitted force divided by the liquid or injection volume
drag stabilized. The sabot is a three piece assembly, cross-sectional area. When the ratio of the areas of the
comprising an annular nose stabilizer 12 fixed to the 35 aft face of injector plate and the injection volume, and
forward end of the penetrator, a circular pusher-plate the body weight and the total round weights are prop-
14 fixed to the aft end of the penetrator, and a cylindri- erly predetermined, a liquid pressure will be generated
cal body 16. The body 16 has an internal bore 18 closed which is higher than the chamber pressure as follows:
at its aft end 20, which bore receives the plate 14. The
aft end 20 serves as an injector plate and has a plurality 40
of longitudinal bores 22 therethrough serving as injec- ..c . w
tion passageways. Each bore is obturated by a respec- C A W(OT

tive plug 24. An aft recess 26 receives a primary propel-
lant charge, here shown as a solid primer 28. One or where PL is liquid pressure,
more substantially radially oriented bores 30 pass 45 Pc is chamber pressure,
through the side wall 32 of the body into the interface Ac is chamber area,
between the plate 20 and the plate 14, to serve as propel- AL is liquid area,
lant fill passageways. An annular seal 34 is provided on WB is body weight, and
the periphery of the plate 14, and a pair of annular seals WToTis the sum of the body, the liquid and the pene-
36 are provided on the periphery of the body 16 strad- 50 trator and sabot assembly weights.
dling the fill passageways. The difference between the two pressures PL and Pc

The plugs 24 may be embodied as relief valves, indi- is the driving force which can be utilized for regenera-
vidual plugs, a burst diaphragm fixed to the forward tive injection.
face of the injector plate, or simply portions of the bore The plugs 24 are designed to open at a predetermined
material not fully drilled through, all of which will 55 difference in pressure between the interior volume and
shear or open at the desired pressure level, the combustion chamber. These plugs serve as a pres-

The penetrator and sabot assembly may be preloaded sure sensitive obturating means. As shown in FIG. 2C.
with liquid propellant through the fill passageways, when this difference is reached, the plugs will open and
which are then plugged, before being placed in the gun. propellant will flow into the chamber. The injection
Alternatively, the assembly may be placed in the firing 60 passageways 22 serve to atomize or break up the propel-
bore 40 of the gun and then loaded with propellant. The lant streams through techniques similar to those used in
actual firing process is the same for eac;h scheme, and rocket injector design. As the propellant streams ini-
loading within the gun will be discussed with respect to tially encounter the hot primer gases they ignite, gener-
FIGS. 2A through 2C. ating more hot gas. Incoming propellant continues to

As shown in FIG. 2A, the penetrator and sabot as- 65 ignite and the process becomes self-sustaining, and gen-
sembly, still without its propellant charge, has been erates increasing chamber pressure, which accelerates
placed into the breech of a gun barrel and the breech the process. The process continues until the propellant
has been closed. The fill passageways 30 are aligned is expended. Meanwhile, the whole round is being ac-

t
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6
celerated along the bore by what is in effect, a traveling primer to be relatively insignificant. The assemblies do
charge. -IG. 2D shows the round at mid-bore length not become active until the introduction of the propel-
with the propellant partially expended. lant. This can be delayed until after chambering and

As the round leaves the muzzle, the sabot fore and aft locking in the gun.
supports are stripped from the penetrator which contin- 5 The specification so far has dealt with idealized pro-
ues on its course. FIG. 2E shows the nose stabilizer 12 jectile and sabot assemblies and their launching tech-
acting under wind forces to open the body 16 and free niques. Cartridges embodying such assemblies may be
the penetrator. provided in at least several different configurations.

The entire body 16 is here shown as engaging the
rifling of the bore 40 to provide spin to the entire round 10 THIRD EMBODIMENT
if a spin stabilized projectile is used. Alternatively a FIG. 4 shows the simplest pre-filled cartridge case
lesser annular portion of the body may engage the ri- embodiment. The projectile and sabot assembly are
fling, crimped into a cartridge case 100. The assembly com-

SECOND EMBODIMENT prises a forward annulus 102 which serves as a pusher
15 plate and has a central bore 104 receiving a spin stabi-

Frictional forces are developed between the body 16 lized projectile 106 and a plurality of bores 108 disposed
and the interior wall of the bore 40 as the round is in an annular row, each receiving a respective one of a
launched, which are a function of the materials of the like plurality of rods 110 which are respectively fixed to
body 16 and the bore 40 of the gun barrel. An alterna- an injector plate 112. The injector plate has an annular
tive embodiment which minimizes such frictional forces 20 seal 114 fixed to its periphery and a plurality on longitu-
is shown in FIG. 3. dinal injection passageways 116 which are closed by a

sthbilied byaeralit 0 ins e s hn ats a ihr diaphragm 118 fixed to the forward face of the plate.
stabiized by a plurality of fins 52. The sabot is a three The liquid propellant charge 120 is contained between
piece assembly comprising an annular nose stabilizer 54 the annulus 102, the plate 112 and the inner wall 122 of
fixed to the forward end of the penetrator, a circular 25 the case 100. The bore of the case includes an external
pusher-plate 56 fixed to the aft end and an injection
plate 58 having a plurality of forwardly, longitudinally primer 124 in communication with an internal booster

extending, integral rods 60. The pusher plate 56 has a is di ed n the cstinctr plt and
like plurality of longitudinal bores 62 with respective is defined by the base of the case, the injector plate and
annular seals 64 each passing a respective one of the 30 the interior wall of the case. Upon ignition the injector
rods 60. The injector plate 58 also has a plurality of plate and its rods move forwardly relative to the annu-

longitudinal bores 66 therethrough each obstructed by a lus, rupturing the diaphragm and injecting propellant
respective plug 68, and an aft recess 70 receiving a into the combustion chamber. This diaphragm serves as
primary propellant charge 72, all similar to the embodi- a pressure sensitive obturating means. The inner wall
ment of FIG. 1. These plugs serve as a pressure sensitive 35 122 of the case is cylindrical and coplanar with the inner
obturating means. An annular seal 74 is provided in the wall 40 of the bore of the gun barrel, so that the forward
periphery of the injector plate, and an annular seal 76 is annulus and the injector plate smoothly leave the case

CI provided in the periphery of the pusher plate. This and ride along the gun bore. The forward annulus may
penetrator and sabot assembly is disposed in the gun for be made up of segments to provide ready rupture and
filling with propellant with the fill ports in the breech 40 release of the projectile when the assembly leaves the
wall of the gun aligned with the interface between the gun bore.
injection plate and the pusher plate. The injector plate 112 may be made of arched cross-

The use of the rods 60 upon which the pusher plate section for a greater strength to weight ratio.
can slide permits the omission of the body structure, so The rods 110 may be replaced with hollow tubes
that only the peripheries of the pusher plate, the injector 45 ll0a, as shown in FIG. 4a, which are closed at their
plate and the stabilizer need contact the wall of the forward ends and open at their aft ends so that the
barrel bore 40. The liquid propellant is contained be- interior volume of each tube communicates with and is
tween the pusher plate, the injector plate and the wall of at the same pressure as the combustion chamber 128.
the barrel bore. The necessary differential ip areas is This permits the use of a thin wall tube whose wall
provided by the total cross-sectional areas of the rods 50 thickness become progressively thinner from front to
60. The rods provide an added advantage in the sabot rear; since as the length of the tube exposed forwardly
stripping phase of the launching cycle as they are rela- of the annulus 102 into the atmosphere increases, the
tively weaker and therefore easier to deflect radially combustion chamber pressure decreases.
outwardly than the equivalent cylindrical body 16.

Both of the embodiments described above provide 55
the following advantages- In the embodiments discussed above, all of the injec-

I. Controlled injection is achieved through regenera- tion of the propellant into the combustion chamber
tive pumping action; takes place through the passageways of the injector

2. The inertia of the projectile itself is the source of plate. An enlarged "Taylor cavity" will be formed by
the pumning force; 60 providing a tubular cylinder of propellant liquid in the

3. The injection mechanism is incorporated into the combustion chamber as said chamber is being enlarged
penetrator and sabot assembly, with very little effect on by the forward movement of the injector plate. The
the gun design; "Taylor cavity" provides a liquid-gas interface for com-

4. A traveling charge effect is achieved; bustion. This is accomplished by providing a variable
5. The injection system and high pressure seals are 65 internal diameter in the case which increases towards

used only once for each shot and are then discarded. the mouth of the case. As shown in FIG. 5, the bore 150
6. The sabot and projectile assemblies may be stored of the case may be tapered, or as shown in FIG. 6, the

and transported as essentially inert, considering the bore 152 of the case may be stepped to providc a vari-
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able, increasing, orifice for the liquid propellant around liquid propellant, and the seals 258 and 264 strackdlh'g
the periphery of the injector plate. the row of bores 276. After the case has been laed

into the gun and the gun breech has been locked, the
FIFTH EMBODIMENT liquid propellant charge is pumped through aligw0l

The injector plate should be prevented from moving 5 ports in wall of the breech of the gun as described witr\
aft under impulse loads exerted by the liquid propellant respect to FIG. 2B. The injector plate is prevented froi,
under conditions of vigorous handling or in the event a aftward movement by suitable means, such as the stops
cartridge is dropped on its base. This can be accom- described with respect to FIG. 7. As the liquid propel-
plished by providing stops on the displacement rods aft lant charge is pumped into the interface between the
of their engagement with the injector plate; a step can 10 injector plate and the annulus, it forces the annulus
be provided in the interior wall of the case aft of the forward until it is stopped by the stabilizing ring, which
injector plate; or the injector plate may be fastened to provides an automatic metering device for the filling
the interior wall of the case by a weak joint which will operation.
rupture under the firing forces. To further minimize the Both pre-loaded and dry-loaded cased cartridges
effects of handling loads the stops may be made resil- 15 share the following advantages:
ient. As shown in FIG. 7, the interior wall 154 may be 1. Sealing of the breech is provided by the case.
provided with a step 156 to abut the outer margin of the 2. The priming system is conveniently provided for
injector plate 158. A helical spring 160 may be captured each round.
between an additional step 162 and the injector plate to 3. A misfired round can be completely extracted by
resiliently fix the inputs plate and to permit it to move 20 extracting the case.
aft slightly before abuting the positive shoulder 156. The dry-loaded cartridge has the additional follow-

SIXTH EMBODIMENT ing advantages for shipping and handling:
1. The projectile is telescoped within the case for

In the embodiment shown in FIG. 8, a prefilled case shipping and for loading into the gun. This minimizes
is provided which has an interior annular wall 200 ex- 25 the length of the parts to be handled.
tending from the base 202 which together with the 2. The cartridge is relatively safe. In the absence of
injector plate 204 and its peripheral seal 205 defines an propellant, the primer and booster are the only combus-
initial combustion chamber. An external primer 206 tible components present.
communicates with an internal booster 208 disposed in 3. The propellant is loaded separately through con-

0 the initial combustion chamber. A plurality of rigid, 30 trol valves and piping. This can be controlled remotely
spaced apart, partitions 210 extend inwardly from the if necessary.
interior wall 212 of case which is tapered progressively 4. The breech is closed before the propellant is
inwardly from the base to the neck 214 to provide a charged into the cartridge, providing additional safety.
series of compartments 216 of decreasing volume, each
opening into a central bore 217. As described with re- 35 EIGHTH EMBODIMENT
spect to FIG. 4, the injector plate is fixed to rods 218 FIGS. 11 and 12 show a dry-loaded uncased car-
which are journaled through respective bores 219 in an tridge, which is loaded, locked, filled and fired in a
annulus 220 which retains the projectile 222. The bore manner similar to the cased cartridge of FIGS. 9 and 10.
223 of the neck is coplanar with the gun bore 40. Liquid The sabot and projectile assembly comprises an injector
propellant is stored forward of the injection plate in the 40 plate 300 having a peripheral seal 302 and a plurality of
compartments 216 and in the central bore. The propel- longitudinally extending rods 304 fixed thereto and
lant in the central bore is injected into the combustion respectively journaled through bores 305 in an annulus
chamber by the injection plate as discussed with respect 306 which has a peripheral seal 307 and an axial bore
to FIG. 4. The propellant in each open compartment 308 receiving a projectile 310. A stabilizing ring 312 has
216 tends to remain in place and to ignite as its compart- 45 a like plurality of bores 314 journaling said rods 304 and
ment is exposed to the initial combustion chamber as the an axial bore 316 adapted to pass the projectile. As
injection plate moves forward, also providing a "Taylor shown in FIG. 13, a primer and booster assembly com-
Cavity" effect. prises a sleeve 318 which cemented to the aft face of the

SEVENTH EMBODIMENT * injector plate 300. The sleeve is molded of solid propel-
So lant, of sufficient strength to provide a small combus-

FIGS. 9 and 10 show a dry loaded cased cartridge tion chamber 320 initially, but which will ultimately
S embodiment, similar to the case of FIG. 4. The car- burn. A combustible primer 322 is fixed in a cup 324 in

tridge is provided with a case 250 having a primer 252 the exterior of the base of the sleeve and which commu-
communicating with a booster charge 254, and a projec- nicates by a passageway 326 with the combustion cham-
tile and sabot assembly. The sabot includes an injector 55 ber 320. The forward end of the sleeve is closed with a
plate 256 having a peripheral seal 258 and a plurality of plug 328 which may be cemented. Radially extending
longitudinally extending rods 260 fixed thereto and flame passageways 330 are provided through the walls
respectively journaled through bores 261 in an annulus of the sleeve. These passageways are initially closed, as

* 262 which has a peripheral seal 264 and an axial bore by plugs, being only partially formed through, or cov-
266 receiving a projectile 268. A stabilizing ring 270 is 60 ered by a diaphragm. Loose powder is disposed in the
retained against non-firing loads aft of the mouth of the combustion chamber.
case as by cementing or crimping and has a like plurality The length of the primer and booster assembly is
of bores 272 journaling said rods 260 and an axial bore made equal to the length of the combustion chamber of
274 adapted to pass the projectile. A plurality of radial the gun. When the cartridge is chambered and the
bores 276 are disposed through the case in an annular 65 breech is locked, the primer 322 is adjacent the face 332
row to serve as propellant filling passageways. In the of the breech block, and may be ignited by a conven-

* stored configuration, as shown in FIG. 9, the annulus tional percussion firing pin 334, or electrical firingr 262 is nested aft, close to the injector plate, without any means. The primer ignites the loose powder immedi-
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ately, generating hot gases which rupture the flame phragm. The priming system is similar to a torus of
passageway closures and pass into the combustion square cross-section, having flame passageways, loose
chamber. The molded combustible sleeve burns more powder, and an electrical firing system whose leads
slowly than the loose powder, but eventually all is con- may be brought through the diaphragm and out the
sumed. The hot gas initiates the regenerative liquid 5 bore of the neck and the nozzle or through the sidewall
propellant injection process as described previously, of the case. Liquid propellant is stored in the chamber

The dry-loaded caseless cartridges have the follow- defined by the base plate 50, the injection plate 520, the
ing advantages: side 502, and the neck 518.

1. The system is completely combustible. The gun This embodiment does not provide a traveling
chamber is completely empty after each shot. 10 charge. Ignition of the primary system ruptures the

2. The primary system is an integral part of the car- diaphragm and moves the injector and nozzle assembly
tridge as supplied to the gun. aft, which in turn provides regenerative pumping for-

3. The primary system may be fabricated using con- wardly of the liquid propellant through the passage-
ventional caseless ammunition technology, ways of the injector plate.

NINTH EMBODIMENT 15 ELEVENTH EMBODIMENT

FIG. 14 shows a recoiless gun embodiment of a case- FIG. 16 shows a recoilless gun embodiment of a
less cartridge similar to that shown at FIG. 12. The c-sed cartridge employing a reaction or compensating
sabot and projectile assembly comprises an injector mass of the type shown in U.S. Pat. No. 1,108,716. This
plate 400 having a peripheral seal 402 and a plurality of 20 embodiment does not provide a traveling charge. In its
longitudinally extending rods 404 fixed thereto and simplest form, the gun includes a firing bore 600 open at
respectively journaled through bores 405 in an annulus both ends. A projectile 602 and an injector and reaction
406 which has a peripheral seal 408 and an axial bore mass assembly are secured in a tubular cartridge case
410 receiving a projectile 412. A stabilizing ring 414 has 603 which is disposed in the bore 600. The assembly
a like plurality of bores 416 journaling said rods 404 and 25 comprises a solid reaction mass 604 having a peripheral
an axial bore 418 adapted to pass the projectile. A prim- seal 606 and a central bore with an annular seal 607, in
ing system comprising a sleeve 420 which may be which is journaled a rod 608 to whose forward end is
molded of solid propellant is cemented to the aft face of fixed an injection plate 610 having a peripheral seal 612.
the injector plate 400. The sleeve has radially extending A priming system 614 is fixed to the forward face of the
flame passageways 422 which are initially closed and 30 injection plate. The priming system may comprise a
contains loose powder which may be ignited by an sleeve molded of combustible material with flame pas-
electrical firing system 424. A frangible diaphragm 426 sageways, filled with loose powder, and having an elec-
is cemented to the aft end of the sleeve. The initial trical firing means which may be brought out through
combustion chamber is provided within the sleeve, and the rod 608. Firing is initiated by hot gases generated by
the subsequent combustion chamber is defined between 35 the priming system in the combustion chamber defined
the injection plate and the diaphragm. The diaphragm is between the projectile and the ignition plate. The liquid
adapted to burst at a pressure which is high enough to propellant is stored in the chamber defined between the

K insure that initiating combustion has been achieved. injection plate and the reaction mass, and serves as part
The gun 427 includes suitable ports 428 to pass liquid of the total reaction mass, so that the solid mass actually

propellant to the interface between the injection plate 40 ejected out the breech of the gun is less than required by
400 and the annulus 406. The gun also includes a con- fixed, solid propellants. In a caseless embodiment, not
verging/diverging nozzle 430 in lieu of the conven- shown, the case is omitted and the liquid propellant is
tional closed breech. This nozzle may be of the type injected as discussed with respect to FIG. 2B.
shown, for example, in U.S. Pat. Nos. 2,444,949, It is contemplated that the inventive concepts herein-
2,696,760, 2,790,353 and 3,610,093. The nozzle provides 45 above described may be variously otherwise embodied
an expansion chamber and a venturi orifice therein to and combined without departing from the inventive
allow a sufficient amount of the combustion gases to principles included and intended to be covered by 'he
expand and escape rearwardly, thereby stabilizing the appended claims, except insofar as limited by the prior
gun against recoil. The nozzle may be made separable art.
from the breech to permit loading of the cartridge. FIG. 50 What is claimed is:
14 shows the annulus 406 midway in Its forward advance 1. A weapon system comprising:
during the loading with liquid propellant. a gun; and

TENTH EMBODIMENT a round of ammunition;
said gun having a firing bore closed by a breech face;

FIG. 15 shows a recoiless gun embodiment of a 55 said round of ammunition disposed in said firing bore
cased, preloaded Lrtridge. The cartridge includes a adjacent said breech face;
case 500 having a side 502, a shoulder 504, a neck 506 said round of ammunition including:
and a base plate 508 threaded into the side 502. A pro- a relatively high mass projectile means having an
jectile 510 is crimped into the neck, and is received in aft face; and
the fring bore 512 of the gun. The base plate 508 has 60 a relatively low mass piston, longitudinally spaced
central bore 514 with an annular seal 516 to pass the from said projectile, having an aft face of rela-
neck 518 of a tubular injector and nozzle assembly. This tively large cross-sectional area spaced from said
assembly includes an annular injection plate 520 having beecch face and a forward face of relatively
an annular seal 522 integral with the forward end of the iali cross-sectional area, a passageway there-
neck and a converging/diverging nozzle 523 integral 65 through, communicating between said aft and
with the aft end of the neck. A frangible diaphragm 524 forward faces of said piston, and a pressure sensi-
is cemented over the forward end of the tube and an tive obturating means, obturating said passage-
annular priming system 526 is cemented onto the dia- way and adapted to open said passageway upon
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4 a predetermined pressure being provided on saidforwrd ace;anddisposed in said firing bore aft of said round andforward face; and

said firing bore has an extension aft of said breech forward of said nozzle.
face formed as a converging/diverging nozzle, and

said breech face is provided by a burstable diaphragm 5 *
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2

Tassie on Oct. 9. 1973. The gun includes a receiver 10,
GUN MISFIRE CONTROL in which is fixed a barrel 12 having a bore 14. The alf

end of the bore is chambered at 16 to provide a combus-
This application is a continuation of Ser. No. 778,769 tion chamber and to receive a projectile 18 having an

filed Mar. 17. 1977, now abandoned. 5 0-ring seal and a rotating band. The receiver includes a
The U.S. Government has rights in this invention bolt body having a bolt head having a central bore in

pursuant to Contract No. N00123-75-C-0670 awarded which an electrode 34 is fixed in a dielectric sleeve, and
by the Department of Defense. appropriate seal rings. The bolt has a transversely pro-

BACKGROUND OF THE INVENTION jecting roller 42 which rides in a cam slot 44 in a drum
10 cam 46, and which cam is driven by a motor 47. The

I. Field of the Invention. receiver includes two additional longitudinal bores 48
This invention relates to a mechanism for detecting and 50 in which two pistons 52 and 54 respectively

the occurrence of a misfire in an automatic gun and for slide. The two pistons are coupled aft by a yoke 56
thereupon halting the further operation of such gun. which has a transversely projecting roller 58 which

2. Prior Art 15 rides in a cam slot 60 in the cam 46. Two spools 62 and
In a conventional, single barrel, selfpowered, auto- 64 respectively slide in the forward portions of the

matic gun firing cased ammunition, when a misfire oc- borczs 48 and 50. The spools are respectively fixed to
curs, the gun stops in its operating cycle, sometimes two rods 66 and 68 which are coupled aft by a yoke 70
after having unlocked the bolt. If the misfire is a true which has a transversely projecting roller 72 which
dud, the operator usually merely cycles the gun to eject 20 rides in .a cam slot 74 in the cam 46. Two propellant
the dud and to chamber and lock a fresh round. If the reservoirs 80 and 82 are pressurized by suitabl supplies
misfire is a hangfire and if the bolt is unlocked when the of gas and are respectively coupled by conduits 84 and
hangfire occurs, it may cause a wrecked gun. 86 to the bores 48 and 50. The supply of electrical en-

- In a conventional, single barrel, externally powered, 86 to the bor d 50r the supply of electica e
automatic gun firing cased ammunition, when a misfire 25 liquid propellant may also be controlled by the drum
occurs, the gun continues its operating cycle. If the
misfire is a true dud, the gun will eject the dud, and cam 46 by means of a suitable cam and switch, not
chamber and lock a fresh round. If the misfire is a hang- shown.
fire and if the bolt is unlocked when the hangfire occurs, A gas port 100 is provided in the gun barrel 12 for-it wll cuse wrckedgun.34)ward of the forcing cone and the start of the rifling.it will cause a wrecked gun. 3

Similar problems occur in multibarreled guns, and in Combustion gas pressure is available at this port 100
guns firing caseless ammunition, whether using solid or only if the round has fired and its projectile has moved
liquid propellant. forward past this port. A conduit 102 is fitted to this

port.
SUMMARY OF THE INVENTION 33 A stop cam 104 is fixed to the drum cam 46. The stop

It is an object of this invention to provide a mecha- cam is substantially annular and may be fixed to the
nism to detect the occurrence of a misfire in an auto- drum cam by an annular row of splins 103.
matic gun and for thereupon positively halting, prior to A stop mechanism 108 is fixed to the gun housing for
the unlocking of the gun, the further operation of the cooperation with the stop cam 104. The mechanism
gun. 40 includes a housing 109, which as a side cover 110, and

It is a further object to provide such a mechanism provides a rectangular cavity 112 open at the top, in
which is particularly adapted to liquid propellant guns which is slid a bifurcated yoke 114. A pawl stop 116 is
having a rotating drum. pivotably mounted between the bifurcations by a dowel

A feature of this invention is the provision of a cam pin 118. The base 120 of the pawl stop has a projecting
which is coupled to the gun and which rotates in syn- 45 detent 122 and two detent recesses 124 and 126. A
chronism with the operating cycle of the gun, pressure spring loaded ball plunger 128 is disposed in a bore 130
sensitive means for detecting the firing of a round and in in the base or the yoke and is adapted to engage one or
the absence of such firing, for positively halting rotation the other of recesses 124 and 126. The conduit 102
of the cam after the time for firing and before the time terminates in a fitting 132 which is threaded into a bore
for unlocking the gun bolt. 5 0 134 in the housing. The fitting has a longitudinal bore

136 in which is disposed a piston 138. The distal end of
BRIEF DESCRIPTION OF THE DRAWING the piston 138 abuts the lower end 140 of the pawl stop

These and other objects, advantages and features of 116. Thus gas pressure in the conduit 102 will project
the invention will be apparent from the following speci- the piston 138 to swing the pawl stop counter-clockwise
fications thereof taken in conjunction with the accom- 55 (as seen in FIG. 4) until the detent 122 abuts a shoulder
panying drawing in which: 142 on the yoke, and the ball plunger 128 enters the

FIG. 1 is schematic of an exemplary liquid propellant detent recess 124 to hold the pawl stop in that position.
gun system as disclosed in U.S. Pat. No. 3,763,739; A shock block 144 is fixed to the base ol'the housing and

FIG. 2 is a timing diagram of the gun of FIG. I, has a spring load plunger 146 fixed to a hydraulic
FIG. 3 is a side view in cross-section taken along the 60 damper and supports the yoke 114 in the cavity 112. A

plane 111-11l of FIG. 4; and microswitch 150 is threaded into a bore 152 in the hous-
FIG. 4 is an end view in cross-section of an embodi- ing and has a spring loaded activator with a cam fol-

ment of this invention in combination with the gun of lower 154 extending into the cavity and adapted to abut
FIG. I taken along plane IV-IV of FIG. 3. a cam surface 156 on the base of the yoke. Should the

65 yoke slide down in the cavity against the urging of the
DESCRIPTION OF THE INVENTION plunger 146. the ramp portion of the cam surface 156

The gun system shown in FIG. I is disclosed in will ride against the cam follower 154 and actuate the
greater detail in U.S. Pat. No. 3,763,739, issued to D. P. microswitch 150.

p"
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The drum cam 104 has a peripheral cam surface 106 said detector means functions, if at all, after the time

which is of constant radius, except at a point 107 for firing and before the time for unlocking said
whereat it starts to progressively rise until a high point chamber.
111 whereat it abruptly falls back to the constant radius, 4. A gun according to claim 3 wherein:
providing a radial shoulder 113. The drum cam 104 5 said detector means includes a conduit coupled into
rotates counter-clockwise (as seen in FIG. 4). said gun bore forward of said chamber to convey

In normal operation, the cam rotates counter-clock- combustion gas under pressure to said detent
wise, and shortly after the high point 111 passes its means.

angular orientation 115 at which time the gun fires, gas 5. A gun according to claim 4 wherein:

under pressure exits the gun barrel bore 100 to enter the 10 said first cam includes a rotating shoulder: and

conduit 102 to project the piston 138, to rotate the pawl said detent means includes a pivoting dog adapted to

stop 116 counter-clockwise so that the tip 143 of the be swung into and out of the orbit of said shoulder.

pawl stop is swung out of the path of the shoulder 113, 6. An automatic gun having an operating cycle in-

until the detent 122 engages the shoulder 142 and the cluding load, lock, fire and unlock operations in se-

ball plunger 128 engages the recess 124. As the cam 15 quence;
continues its rotation, the high point 111 strikes the a gun barrel having a gun bore and a projectile and

the pawl propellant receiving chamber;
surface 147 of the pawl stop 116 and swings first means for closing and locking said chamber;
stop clockwise until the tip 143 of the pawl stop rides on second means for firing propellant disposed within
the constant radius surface of the cam and the ball 20 said chamber;
plunger 128 engages the recess 126. The cycle of opera- third means for operating said first means to close and
tion just described is repeated for each gun cycle, lock said chamber, for subsequently operating said

However, in the event of a misfire, no gas pressure is second means for firing any propellant disposed
provided in the conduit 102 and the plunger is not pro- within said chamber, and for yet subsequently op-
jected to clear the pawl stop. The tip 143 of the pawl 25 crating said first means to unlock and open said
stop engages the shoulder 113 to halt further rotation of chamber, including a first cam rotating in synchro-
the cam. Deceleration is provided by shoulder 113 driv. nism with the operating cycle of said gun and con-
ing the pawl stop 116 and the yoke 114 against the trolling said operating cycle;
urging of the spring loaded plunger 146 of the shock fourth means coupled to said gun barrel and to said
block. As the yoke descends, it actuates the micro- 30 third means for detecting the firing of propellant
switch to cut off power to the drive motor. The gun within said chamber and in the absence of such
cycle is thus halted before the unlocking of the gun bolt detection, for positively halting the operation of
occurs. said third means after the time for firing by said

What is claimed is: second means and before the time for unlocking by
1. An automatic gun having an operating cycle and 3S said first means, including detent means having a

comprising: first position whereat it clears said first cam. and a
a gun barrel having a gun bore and a projectile re- second position whereat it positively halts said first

ceiving chamber; cam at a first predetermined angular orientation of
first means for closing and locking said chamber; said first cam;
second means operating in synchronism with and 40 and said first cam including additional means to cycli-

controlling the operating cycle of said gun, includ- cally set said detent means to said second position
ing a first cam rotating in synchronism with the at a second predetermined orientation of said first

operating cycle of said gun; cam.
third means coupled to said gun barrel and to said 7. A gun according to claim 6 wherein:

second means for detecting the firing out of a pro- 45 said fourth means includes
jectile from said chamber, and in the absence of detector means coupled to and between said gun

said firing, for positively halting operation of said bore and said detent means for detecting the

second means after the time for firing and before presence of combustion gas in said gun bore and
dchamber by saidfirst for thereup setting said detent means to said firstthe time for unlocking said ch0mpositionathereof.

means, including detent means having a first posi- 50 position thereof.

tion whereat it clears said first cam, and a second Sa. A gun according to claim 7 wherein:
posiionwheeat t hltssaidfirt cm ata frst said additional means of said first cam functions ech

eposition whereat it halts said first cam at a first gun operating cycle before the time for firing: and
predetermined angular orientation of said first cam; said detector means functions, if at all, after the time
and 55 for firing and before the time for unlocking said

said first cam including additional means to cyclically chamber.
set said detent means to said second position at a 9. A gun according to claim 8 wherein:
second predetermined orientation of said first cam. said detector means includes a conduit coupled into

2. A gun accorling to claim I wherein: said gun bore forward of said chamber to convey
said third means includes 60 combustion gas under pressure to said detent

detector means coupled to and between said gun means.
bore and said detent means for detecting the 10. A tun according to claim 9 wherein:
presence of combustion gas in said gun bore and said first cam includes a rotating soulder; and
for thereup setting said detent means to said first said detent means includes a pivoting dog adapted to
position thereof. 65 be swung into and out of the orbit of said shoulder.

3. A gun according to claim 2 wherein: 11. An automatic gun having an opetating cycle in-
said additional means of said first cam functions each cluding load, lock, fire and unlock operations in se-

gun operating cycle before the time for firing; and quence;



4,193,335

a gun barrel having a gun bore and a projectile and said third means after the time for firing by said
propellant receiving chamber; second means and before the time for unlocking by

first means for closing and locking said chamber; said first means;
second means for firing propellant disposed within said third means including a first cam rotating in

said chamber and for generating gas pressure in 5 synchronism with the operating cycle of said gun
said chamber; and controlling said operating cycle; and

third means for operating said first means to close and said fourth means including detent means having a
lock said chamber, for subsequently operating said first position whereat it clears said first cam, and a
second means for firing any propellant disposed second position whereat it positively halts said first
within said chamber, and for yet subsequently op- 10 cam at a first predetermined angular orientation of
erating said first means to unlock and open said said first cam; and
chamber; said first cam means including additional means to

fourth means coupled to said gun barrel and to said cyclically set said detent means to said second posi-
third means for detecting the generation of gas tion at a second predetermined orientation of said
pressure in said chamber and in the absence of such 15 first cam.
detection, for positively halting the operation of ' 0 0 0
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lock blocks 18 and 29, an annular seal 22 at the interface

IGNITION DEVICE of the barrel and the breech, and a gun bolt 24. The gun
bolt reciprocates in the bore 16 and enters and obturates

RELATED PATENTS the bore 12. The bolt is locked in its obturating station

This application is a division of Ser. No. 723,367 filed I by the lock blocks 13 and 20 which may be swung
Sept. 15. 1976, and issued on Apr. 25, 1978 as U.S. Pat. between the recesses 26 and 28 in the breech and the
No. 4,085,653. recesses 30 and 32 in the bolt. A projectile 34 may be

chambered in the bore 12 and a supply of liquid propel-
BACKGROUND OF THE INVENTION lant may be inletted into the chamber between the pro-

1. Field of the Invention 10 jectile and the bolt. An exemplary system is shown in
This invention relates to ignition devices for use in a Tassie, U.S. Pat. No. 3,763,739.

high mechanical shock environment, such as the igni- The gun bolt has a longitudinal bore therethrough
tion of liquid propellant in a gun, or the ignition of fuel having a first portion 38, a shoulder 40, a second portion
in a jet engine. 42 of smaller diameter than said first portion, a shoulder

2. Prior Art 15 44, and a third portion 46 of smaller diameter than saidU The use of an igniter, per se, in a liquid propellant gun second portion.
is shown by Broussard in U.S. Pat. No. 2,088,503, issued An igniter 50 is fixed within the bore of the gun bolt.
July 27, 1937; Rost in U.S. Pat. No. 2,129,875, issued The igniter comprises an outer tube 52, an inner rod 54,
Sept. 13, 1938; Barbieri et a in U.S. Pat. No. 3,326,084, a volume 56 of irregular tightly packed together parti-
issued June 20, 1967; Myers in U.S. Pat. No. 3,673,917, 20 des spacing the rod concentrically within the tube,
issued July 4, 1972; Nelson et al in U.S. Pat. No. except proximal to the face 58 of the bolt, wherein a
3,728,937, issued Apr. 24, 1973; Tassie in U.S. Pat. No. void 60 to serve as a spark chamber is provided between

n 3,763,739, issued Oct. 9, 1973; and Broxholm et ai in the tube 52 and the rod 54. An annulus 62 may be fixed
U.S. Pat. No. 3,949,642, issued Apr. 13, 1976. Of these, within the void to close the exposed end face of the
Tassie and Broxhom et at show the igniter coaxially 25volume of particles. In an exemplary igniter, the tube 52
mounted in the gun bolt, as does Mitchell in U.S. Pat. is made of a relatively workable, conductive material
No. 3,608,492, issued Sept 28, 1971 in a gun firing case- such as 321 stainless steel, the rod 54 is made of 303
less ammunitiona stainless steel wire, (both chosen for corrosion resis-

Te conventional igniter is an assembly of solid, rigid tance) and the insulating material 56 is magnesium oxideparts. Ile main insulator is usually a hard, high-fire 30 p w e M O .T e a n l s6 sah r i e e a i
ceramic, which is then combined with seals and fitted powder (MgO). The annulus 62 is a bard fired ceramic
inside a strong, outer case which also serves as the outer resilie seal 6 i around the parim a r
conductor or electrode. The center electrode together resilient material which is not soluble in the particular
with seals is fitted through a longitudinal bore in the propellant or fuel which is to be ignited, e.g., fluorocar-
main insulator. In a high mechanical shock environ- 35 bon elastomer.

ment, i.e., high pressure pounding, the assembly deterio- The igniter 50 is advantageously manufactured by
rates; the seals deteriorate; the ceramic cracks, or one compression techniques. In using a rotary swaging tech-

U part slips with respect to another. Such slippage causes nique, the rod 54 is initially positioned within the empty
more breakage; the seal fails, combustion gas leaks, and tube 52. The insulating powder 56 is poured into the

eventually the igniter even fails to spark. 40 tube and is either tamped or vibrated to a light degree of
Accordingly, it is an object of this invention to pro- compaction. Alternatively, the rod 54 may be threaded

vide an igniter which is unaffected by a high mechanical into a number of crushable MgO beads, and this assem-
shock environment. bly slid into the empty tube 52. The ends of the filled

An additional object of this invention is to provide a tube 52 are then closed, as by plugs or welding, to pre-
gun bolt and igniter assembly which is effective in a 45 vent the powder and wire from being forced out of the
liquid propellant gun. tube during subsequent compaction. The closed assem-

Another object of this invention is to provide a pro- bly of tube, rod and powder is fed into a set of rotating
cess for the manufacture of such an igniter. dies between hammers in a cage. As the dies rotate, they

A feature of this invention is the provision of an ig- open and close on the tube to reduce its external diame-
niter assembly comprising an outer tubular'conductor 50 ter. The first pass collapses and eliminates all internal
and an inner conductor spaced apart by a volume of voids. Successive passes further reduce the diameter
tightly packed, irregular granules of an insulating mate- and increase the length of the assembly by the formula
rial, such as a mineral powder. The outer conductor is Vn = V2 where V =volume before the pass and
supported in a longitudinal bore of a gun bolt. V2=volume after the pass, and irR 1

2L1 =rR 2
2L 2. In

5 essence, the tube and its internal parts are concurrently
BRIEF DESCRIPTION OF THE DRAWING squeezed out from between the die. As an alternative to

These and other objects, advantages and features of rotary swaging, drawing, rolling, press swaging, or
the invention will be apparent from the following speci- plain hammering on an anvil die could be used.
fication thereof taken in conjunction with the accompa- After compaction, the aft portion 70 of the tube 52 is
nying drawing in which: 60 machined to reduce its external diameter and to pro-

FIG. 1 is a top plan view, in longitudinal cross-sec- duce a step or shoulder 72 which is congruent with the
tion through the gun bolt, of a liquid propellant gun shoulder 44, and the plugged ends are removed. The
utilizing an ignition device embodying this invention, forward or pressure or chamber portion 74 of the tube

52 tightly fits into the bore postion 42 while the aft
DESCRIPTION OF THE EMBODIMENT 65 portion 70 loosely fits into the bore portion 46 and is

A liquid propellant gun, for example, as is shown in brazed therein. The shoulders 72 and 44 are in tight
* the FIGURE, comprises a gun barrel 10 having a bore abutment. The chamber end of the tube is welded at 76

12. a breech 14 having a bore 16 and a pair of swinging (e.g. fusion process) to the shoulder 40 of the gun bolt.

-1
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The essential characteristic of the insulating powder What is claimed is:
is that it must be so tightly compressed by the outer tube 1. A process for the manufacture of an igniter corn-
54 that there is no space left for any particle of that prising:
powder or for any part of any other element of the providing an assembly of an outer tube of conductive
assembly to shift into under any pressure applied during 5 metal, an inner rod of a conductive metal, and an
use of the igniter. MgO was selected because it has good intermediate volume of irregular particles of metal
physical and dielectric properties at high temperature, oxide mineral dielectric material spacing said rod
and because its irregular particles interlock together within said tube;
and into the adjacent metal surfaces under swaging compressing and reducing the diameter of the outer
better than any other material presently known. Other 10 tube radially about said intermediate volume and
metal oxide mineral dielectric material may be used. the rod to remove all voids in said intermediate

The void 60 is provided by air blasting out a quantity volume and to interlock and imbed said particles of
of particles from the chamber end of the igniter to ex- said intermediate volume with each other and the
pose a length of the exterior surface of the inner con- adjacent metal surfaces of said rod and said tube;
ductor and interior surface of the outer tube to act as 15 and
electrodes, removing a portion of said volume after said com-

This process of manufacture of collapsing the outer pressing step to provide a spark chamber wherein a
tube about the loose powder and the center conductor portion of said inner rod is exposed to a portion of
so tightly that everything is interlocked and cannot said outer tube.
move irrespective of externally applied pressure, pro- 20 2. A process according to claim I wherein:
vides an assembly which behaves as if it were a solid rod said compressing step reduces the diameter and in-
of metal having the handling characteristics of the outer creases the length of said assembly.
tube. Thus, pressure pulses beating on the forward face 3. A process according to claim 1 further including:
of the igniter cannot in any way disturb any of the parts removing a portion of said volume after said con-
Of the igniter unless the outer tube expands, thereby 25 pressing step to provide a spark chamber wherein aloosening te uwes he gun bolt tightly fits around portion of said inner rod is exposed to a portion of
looeigninte andspors taashean boltighfis and said outer tube.
the igniter and supports it as a sheath both radially and 4. A process according to claim 1 further including:
longitudinally, fixing an end portion of said assembly which includes

The annulu s not fail under pressure pulses 30 said spark chamber within an additional tube to
because it is firmly and evenly supported by the com- provide additional radial support to said outer tube.
pact,:c powder 56 in the direction of the force, i.e. Ion- S. A process for the manufacture of an igniter com-
gitudinally, of the pulses. In all other directions the prising:
force of the pulses is simultaneously equal, and subjects providing an assembly of an outer tube of conductive
the annulus only to a compressive stress which it can 35 metal, an inner rod of a conductive metal, and an
easily withstand. intermediate volume of irregular particles of metal

The function of the annulus 62 and its seals is to pre- oxide mineral dielectric material spacing said rod
vent contaminants within the combustion chamber from within said tube,
entering the chamber face of the volume of powder. compressing and reducing the diameter of the outer

It may be noted that the manufacturing process of 40 tube radially about said intermediate volume and
this invention is quite different than conventionally used the rod to remove all voids in said intermediate
in making dielectric powder filled conduit. In the manu- volume and to imbed the peripheral particles of
facture of conduit there is a step to soften the powder in said volume into the adjacent surfaces of said tube
the conduit so that it will flow with respect to the inner and rod; and
and outer conductors when the conduit is bent, and a 45 removing a portion of said volume after said com-
step to anneal the outer conductor. In contradistinction, pressing step to provide a void at a first end of said
the igniter of this invention must be rigid and permit no volume, said void being defined by an exposed
relative movement of its internal elements. The pressure portion of said inner rod mutually confronting an
pulses apply extremely high pressure on the surface and exposed portion of said outer tube, and the end face
interior interfaces of the volume of powder. No give or 5o of said volume.
movement of the outer tube or internal elements is per- 6. A process according to claim 5 further including:
mitted. In the conventional conduit there is no pressure fixing said igniter into an additional tube to provide
on the surface or interior interfaces of the powder in the additional radial support to said outer tube.
tube. 7. A process according to claim 6 further including:

It should be noted that the invention herein is not 55 providing mutual interlocking shoulders on the exte-
limited to a single inner conductor, a plurality of mutu- rior of said outer tube and the interior of said addi-
ally spaced apart conductors may be supported by the tional tube to preclude relative movement in one
particles of dielectric material and held by the outer longitudinal direction.
tube. *
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4,231,282 22
h eter, a longitudinally extending annular recess 34, an

IGNITION SYSTEM annular groove 36, a radially extending bore, or bores,
38 coupling said groove 36 and said bore portion 32. and

BACKGROUND OF THE INVENTION a longitudinally extending, fine bore, or bores, 39 cou-
I. Field of the Invention 5 pling said recess 34 with a plurality of radial grooves 40.
This invention relates to an ignition system, utilizing A supply line 41 for liquid propellant is coupled to the

adiabatic heating of gas, for liquid propellants. annular groove 36. An injection piston 42 is coupled to
2. Prior Art the line 41 to meter a quantity of propellant through the
Liquid propellant guns are well known, and are bore 38 into the bore portion 32. The piston may be

shown, for example, in U.s. Pat. No. 4,023,463, issued to 10 driven by suitable periodic drive means, such as a cam
D. P. Tassie, on May 17, 1977 and in U.S. Pat. No. 43 or a crank rod (not shown). A differential piston
4,051,762, issued to E. Ashley, on Oct. 4, 1977. Such assembly 44 has a rod 46 and multipart head 48. The
guns, firing non-hypergolic propellants, require an ini- head 48 is shown schematically in FIG. I and in greater
tial pulse of hot, high pressure gas in the combustion detail in FIG. 2, and is constructed in accordance with
chamber to start the firing process for each shot. For 15 Ser. No. 2,038, filed Jan. 8, 1979 by E. Ashley. The head
repetitive firing, sequential pulses must be provided. 48 has a relatively larger working area to its ignition
When pyrotechnic primers are utilized, the expended chamber adjacent, or forward, face, and a relatively
primer must be replaced after each shot as shown in smaller working area to its supply chamber adjacent or
U.S. Pat. No. 4,051,762. Electric spark ignition will aft face, and includes an outer annular sleeve 50 sup-
work only with electrically conductive propellants, as 20 porting one or more inner annuli 52. The parts are inter-
shown in U.S. Pat. No. 4,023,463. Non-conductive pro- fitted and normally biased closed by the difference in
pellants, such as Otto Fuel II, cannot be easily ignited, pressure on the two faces of the piston head augmented
They must be confined and exposed to conditions of by the force of the spring 62, but permit limited relative

. sufficient temperature and pressure for combustion to movement to provide passageways through the head
occur. U.S. Pat. No. 3,576,103, issued to P. B. Kahn, on 25 from the aft face 54 to the forward face 56 when the
Apr. 27, 1971, shows ignition of a monopropellant by force on the aft face is greater than the force on the
adiabatic compression. This is accomplished by com- forward face, i.e., the equivalent of a plurality of poppet
pressing a preloaded volume of propellant by means of valves. The rod 46 and the head 48 have a longitudinal
a spring-loaded plunger which must be manually bore 58 therethroug in which isjournaled the stationaryockdand saet fo r sveno s 30 valve rod 26. A plurality of radially extending sprayAn object of this invention is to provide a series of bores 60 extend through the piston rod 46 to the bore
adiabatic ignition pulses for non-hypergolic propellants 58. A helical spring 62 is captured between a clip 64

Another object is to provide each such pulse with an fixed to the aft end of the piston and a shoulder 66 on

extended, controlled duration. 35 the bore portion 30, and serves to bias the piston aft.
A feature of this invention is the provision of a A unidirectional flow or check valve 68 has a valve

booster charge of liquid propellant from a main supply rod 70 and a head 72 with a longitudinally extending
U to adiabatically compress a quantity of gas and then central bore '74 in which is journaled the piston rod 46.

progressively inject the booster charge into the heated The check valve is of the type shown in U.S. Pat. No.
gas. 40 4,023,463, issued May 17, 1977, to D. P. Tassie. A heli-

cal spring 76 is captured between a clip 78 fixed to the
BRIEF DESCRIPTION OF THE DRAWING aft end of the valve rod and the shoulder 66.

These and other objects, features and advantages of A plurality of radial holes 80 are provided through
the invention will be apparent from the following speci- the tubular wall of the body immediately forward of the
fication thereof taken in conjunction with the accompa- 45 piston head, when the piston head is in its aftmost posi-
nying drawing in which: tion.

FIG. I is a longitudinal cross-section of an ignition A plurality of radial holes 82 are provided through
system embodying this invention; and the tubular wall of the retaining fitting 18 aligned with

FIG. 2 is a detail of the structure of the differential the interface of the relief cap 16 and the body.
piston of the ignition system of FIG. 1. * 51 An annular gap 84 is provided between the outer

cylindrical surface of the body and the inner cylindricalDESCRIPTION OF THE PREFERRED surface of the retaining fitting in the region between the
EMBODIMENT holes 80 and 82.

An ignition system for liquid propellants which uses Ring seals are provided at 86, 88, 90 and 92.
adiabatic compression of air or gas as the initiating 55 Liquid propellant is forced through the bore 38 into
source of combustion is shown in FIG. 1. the bore portion 32 by the injection piston 42 at high

A housing 10 of a gun has a main combustion chain- pressure. The liquid shifts the check valve and the dif-
ber with bore 12 in which is disposed in part a main ferential piston forwardly, so that liquid passes through
body 14 of the igniter. A relief cap 16 is disposed on the the developed gap between the head of the check valve
projecting end of the body. A retaining cap 18 is 60 and the body against the aft face of the head of the
threaded at 20 into the bore 12 and presses a plurality of differential piston. The pressure on the aft face of the
belleville washers 22 against the relief cap 16 to seat the head is greater than the pressure on the forward face.
body 14 in the bore 12. A valve rod 26 is fixed to the maintaining the rings of the piston head closed together.
relief cap 16 and has a helical or other shaped relief As the differential piston moves forwardly it closes
groove 28 therein adjacent to said cap. 65 off the holes 80, trapping gas between the front face of

The valve body includes a longitudinally extending the differential piston and the relief cap 16, which %%ith
bore portion 30 of relatively large diameter, a longitudi- the adjacent inner wall of the body. define an ignition

* nally extending bore portion 32 of relatively small diam- chamber. Befobre the first shot. the gas will he air. hut
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pressure in said ignition chamber is below a pre-
yet additional means for providing a passageway determined value; and

said yet additional means being open when the
from said ignition chamber; pressure in said ignition chamber is above a pre-

5 determined value.
said yet additional means being closed when the *
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United States Patent 1,,1 3,809,667
Broxhoal et al. 1451 Apr. 2, 1974

!541 MODULAR LIQUID PROPELLANT GUN correction factors in the fire control and the need to

1751 !rvetors: Thomas M. Broxhel.,, P "!o Alto; accelerate the mass of the barrel assembly to opera-
Lester C. Elmore, Pjrtola Valley, tional speed. The individual gun module includes pro-
both of Calif. Vpellan: 'njcction mechanism for injecting propellant at

high pressure when a non-hypergolic bi-propellant is
1731 Assignee: Pulsepoer Systems Incorporated, used as the propellant. One or more hydraulic actua-

San Carlos, Calif. tors are used to develop the high injection pressures
1221 Filed: Jtm. 7, 1971 and to operate othcr components of the gun. such as

the bolt. The hydraulic actuators are also engaged

r 2! 1 Appl. No.: .04,610 with the cam to interlock the actu iors ane. the con-
trols for the actuators through the cam. A source of

1521 U.S. CL ...................................... 89/7, 89/1 L pressurized hydraulic fluid independent of the gun is

1511 Int. CL .......................................... F41f 1/04 used to power the actuators so tha ti e weight and

1581 Field ol Searw ....... 89/7. 8, 9, 1 L. !1, 12, profile of the gun are kept to a minim:0r,. The hydrau-

89/1. 161 lic system includes a compound spoil control valve
which operates in a dual mode to permit normal cyclic

_1 [561 R-4erenees Cited operation of the gual during firing and to maintain the
STAES PA IENTS gun in an open bolt condition during armen but non-

UNTED TNSfiring operations. The hydraulic sy.tem includes a mis-
2.088.503 7/1937 1 ioussard ................................. 89/7 fire detection mechanism and mo, ule shutdown valve
2,736.237 2/1956 Eoussad ................................. 89/7 which locks a misfired gun module in the closed bolt
3.455.202 711969 'Lon t. at ............................... 89/7 condition with the need to depresv irize the hydraulic
3.313,.08 411-7 C)rsey. jr. et al ....................... 89/7 circuits of the other gun modules and without thei.! 74.840 3/1916 Ls-he r ......................... 9/1.1.30. t1 6/1921 !lt ........................ ........ 89f7 need to include additional bypass circuits. The injec-

2.417,113 1211946 Pontius etal ........... 89/I K tion mechanism for injecting the bi-prupeliznt in-

3.327.597 6/1967 Feed et al ............................. 89/9 X eludes two pistons which are yoked together and oper-
3.303.744 2/1967 Lanizzni . ..... 89/9 X ated by , single actuator to inject the propellant into

the firing chamber both in metered amounts and in a
Primary Zainer-Samuel Al. Engle constant mix ratio. The pistons for injecting the bi-
Attorney, Agent, or Firm--Owen. Wickersham & propellant include valves it, the pistons, and the pis-
Erickson tons are drawn through the fuel on retraction strokes

of the pistons. The injection mechanism is retracted
[57) ABSTRACT away from the firing chamber after the firing of a
A gun of the kind in which liquid propellant is burned burst to isolate the propellant in the injection mecha-
i.-i the firing ch;;mber to fire a projectile from the gun nism from the heat of the firing chamber. A rotary
is constructed so that a number of gun modules can be lock is mounted closely adjacent the bolt mecharism
comHned in a modular gun. Each gun module is cam and engages a relieved area of the bolt in the locked
controlled, a:;d a commcn cam is used to control each position cf the lock so that a quite small force on the
gun moduie !n tae modular gun. The cam can be a lock will hold the oclt mechanism locked against high
flerib~e cam having a belt configuration to permit the combustion chamber pressures tending to open the
gun modules to be arranged in both circuiar groupings bolt.
and in non-circula, groupings, such as side by side.
The modular gun includes fixcd, no-rotating gun
m'iodules to etiminate the need for tangential velocity 14 C laim, 33 Drawt Figures
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UNITED STATES PATENT OFFICE

tCERTIFICATE OF CORRECTION
Patent No. LAD0).657 Dated April 2. 1974

I Inventor(s) Thomas M. Broxholm and Lester C. Elmore

It is certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

Co:umx 6, line 25, "belt 105" should read --belt

107--. Col' 3. line 16, "lock 265" should read --lock 165--.
Column 12, line 32, "cont-rols the fluid" should read --controls
the flow of fluid--; line 50, "viave" should read --valve--.
Column 13, line 27, "Fliuid" should read --Fluid--. Column 14,
line 1, "beore" should read --before--. Column 15, line 15,
"rewarward" should read --rearward--. Column 16, line 36,
delete "during"; line 52, delete "tf of rear"; line 52, add
--or rear-- in first colurn after "Cam Follower Position";
line 52, add --forward-- jrn third column after "Cam Follower
Position"; line 53, "rer" should read --rear--. Column 17,

* I line 13, "with However, piston." should read --with the piston.-
Column 18, line 31, "rotaes" should read --rotates--; lines 56
and 57, "hydraluic" should read --hydraulic--.

In the Claims:

Column 21, line 17 of Claim 12, "for" should read
--mounting--. Column 21, line 17 should read --chamber,
mounting means mounting the injection mechanism -- - Column
22, line 6 of Claim 13, "injection" should read --injecting--.

Signed and sealed this 1st day of October 1974.
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Attest:

* McCOY M. GIBSON JR. C. MARSLALL DANN
i'.:testing Officer Co mnissioner of Patents
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. MODULAR LIQUID PROPELLANT GUN FIG. 2A and FIG. 2B are a plan view (partly broken
aw zay along the line and in the direction indicated by

This invention relates to a gun of the kind in which the arrows 2-2 in FIG. 11) of the gun shown in FIG.
liquid propellant is burned in the firing chamber to fire 1;
the projectile from the gun. S FIG. 3A and FIG. 3B are a side elevation view in

This invention relates particularly to a liquid propel- cr3ss section of the gun module shown in FIG. 1;
Clant gun constructed as an individual gun module so FIG. 4 is a fragmentary plan view taken generally

that a number of gun modules can be combined in a along the line in the direction indicated by the arrows
modular gun. 4-4 in FIG. 9;

In conventional guns powder for firing each projec- 10 FIG. 5 is a fragmentary top plan view taken generally
tile is carried in a case attached to the projectile. along the line and in the direction indicated by the ar-

A liquid propellant gun has a Pumber of advantages rows 5- in FIG. 3B;
over such conventional guns. FIG. 6 is an elevation view taken along the line and

If a liquid propellant gun uses the same size projectile in the direction indicated by the arrows 6-6 in FIG.
as a conventional gun, the projectile feed for the liquid 15 3A;
propellant gun can be simpl.fied and can be made con- FIG. 7 is an elevation view taken along the line and
siderably lighter in weight than for a conventional gun. in the direction indicated by the arrows 7-7 in FIG.
Or. a considerably larger charge can be used for higher 3B;
performance without having to increase the size of the FIG. 9 is an elevation view taken along the ine and
projectile feed mechanism. 20 in the direction indicated by the arrows 8-8 in FIG.

A liquid propellant gun can produce a flatter corm- 3B;
bustion chamber pressure-time characteristic than a FIG. 9 is an elevation view taken along the line and
solid propellant gun. Hence performance equivalent to in the direction indicated by the arrows 9-9 in FIG.
a solid propellant gun can be obtained at lower pres- 3B;
sure. - tFIG. 10 is an elevation view taken along the line and

High cyclic rates of fire are possible with a liquid pro- in the direction indicated by the arrows 10-10 in FIG.
,- :pellant gun. 3B;

* Because the propellant is a liquid the propellant can FIG. II is an elevation view taken along the line and
be easily pumped to the firing chamber from a storage inthe direction indicated by the arrows II-II in FIG.
area remote from the gun itself. This permits flexibility 30 d
of installation. 3B-

When the gun is installed in an aircraft and a non- *FIG. 12 is an elevation view taken along the line and' Whn "he gn i insalld inan ircrft nd anon inthe direction indicated by the arrows 12-12 in FIG.

hypergolic bi-propellant is used, one of the components i h ieto niae ytearw 21 nFG
o thpernonypoc -propellant ca sedon bfhe € ,oneds 3A. FIG. 12 illustrates how four individual gun modules; of the non-hypergolic hi-propellant can be the fuel used

3for the engine of the aircraft. 5 can be arranged in a circular grouping in a modular gun

The liquid prope!lant gun permits a low prefile, clean constructed in accordance with an embodiment of the
exterior design so that an individual liquid propellant present invention;gun module, or a modular grouping of liquid propellant FIG. 13 is a schematic frore end elevation view illus-gun modules, can be installed in locations that would trating the way in which the projectiles are spaced atnot accommodate a conventional gun. 40 one half the pitch between adjacent gun rodules. FIG.

It is a primary object of the present invention to in- 13 illustrates how four individual gun modules may becorporate these inherent advantages of a liquid propel- arranged side by side in a modular gun crnstructed in
rolant gun in a modular gun. accordance with an embodiment of the present inven-
Further objects of the present invention include the lio.;

specific structures and features of operation noted in 4' FIG. 14A and FIG. 14B are a schematic diagram of
the abstract above, a hydraulic drive control systei for a single gun mod-

Other anJ further objects of the present invention ule as shown in FG. 1;
will be apparent from the following description and FIG. 15 is a top plan view of a cam having a hollow
claims and are illustrated in the accompanying draw- cylindrica] configuration for use with four gun modules

* ings which, by way of illustration, show preferred em- 50 arranged in a circular grouping as best illustrated in
bodiments of the present invention and the principles FIG. 12. Parts of FIG. IS have been broken away to
thereof and what are now considered to be the best show the cam faces on the interior surface of the hol-
modes contemplated for applying these principles, low cylindrical cam;
Other embodiments of the invention embodying the FIG. 16 is an end view of the cam shown in FIG. IS
same or equivalent principles may be used and struc- 53 and is taken along the line and in the direction indi-

* tural changes may be made as desired by those skilled cated by the arrows 16-16 ins FIG. I;
* in the art without departing from the present invention FIG. 17 is a fragmentary crossi sectional view like

4 and the purview of the appended claims. FIG. 3A showing a modification of the fuel injection
mechanism for the gun module shwmn in FIG. 1. FIG.

IN THE DRAWINGS 17A illustrates how the propellant injection mechanism

FIG. I is an isometric exploded view (partially bro- is retracted away from the firipg chamber after the fir-
ken away to show details of construction) of an indivie- ing of a burst;
ual gun module constructed in accordance with one FIG. iS is an inside developed view of the inside sur-

* * embodiment of the present invention. FIG. I shows the face of the hollow cylindrical cam shown in FIG. IS;
three main componeauts of an individual gun modu- FIG. 19 is a fragmentary cross section view taken

-*-le-e barrel assembly, Lhe receiver assembly, and the along the line and in the direction indicated by the ar-
control assembly; rows 19-19 in FIG. 11;

,e.

•."..
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FIG. 20 is a pictorial view of one embodiment of a quence and timing relationship between the various

bolt locking mechanism for the gun module shown in components of the gun while hydraulic power is the pri-
FIG. !. FIG. 20 shows the bolt locking mechanism in mary energy source.
the unlocked mode; The cam for controlling the gun module 31 is shown

FIG. 21 is a view like FIG. 20 showing the lock mech- s in FIGS. IS, 16, 15 and 19.[ .. anism in the locked mode; A hydraulic drive control system of the control as-
FIG. 22 is a view like FIG. 21 but with parts partially sembly 37 is shown in schematic diagram in FIGS. 14A

\ "broken away to show details of construction; and 14B.
. FIGS. 23 and 24 are side elevation views of the lock The bolt and injector sub-assembly of the receiver

mechanism of FIGS. 20-21 showing the bolt and lock 10 assembly 35 is shown in FIG. 29.
in the unlocked position in FIG. 23 and in the locked Details of construction of the gun module 31 will now
position in FIG. 24; be described with reierence primarily to FIGS. 3A and

FIGS. 25 and 26 are views like FIGS. 23 and 24 of an- 3B and F&GS. 2A and 2B.
other embodiment of a lock mechanism constructed in The barrel assembly 33 includes a barrel 43.

- accordance with the present invention; 15 The receiver assembly 35 inc!udes a receiver 45.
FIGS. 27 and 28 are views like FIGS. 23 and 24 of The recei-.er assembly 35 also includes an end plate

still another embodiment of the lock mechanism con- 47 attached to the back end of the receiver 45 by a
structed in accordance with the present invention; and number of cap screws 46.

G 2The hydraulic control assembly 37 is mounted on the
FIG. 29 is a pictorial view of the bolt and actuator 20 receiver 45 in front of the end plate 47.

sub-assembly. A main cam 49 is mounted for rotation between the
. An individual gun module constructed in accordance receiver 45 and the hydraulic control assembly 37. The

with one embodiment of the present inventior is indi-cae eeal yterfrecuea 1i I.1 main cam 49 is a hohow cylindrical member (as best
Scated generally by the reference numeral 31 r-n FIG. s. shown in FIGS. 15 and 16), and the rear end of the cam

'" 49 is mounted for rotation on a bearing 5I in the erd
. The gun module 31 includes three main component- plate 47. The front end of the cam 49 may also be

s-a barrel assembly 33, a receiver assembly 35, and a mounted for rotation an a bearing (not shown in the
control assembly 37. drawings) or may rotate on the receiver 45. The cam

The run module 31 may be used by itself or (as will. be described in greatr detail below) may be arranged 30 49 has cam traces on both the inside and the outside
bedcin b dt n cirlar dtailgs below)n my. be ) arrand 30peripSeries. As will be described in greater detail be-
non-circular groupings (as shown in FIG. 13) to form low, the cam traces on the inside peripheries engage

cam followers of actuators in the receiver 45 while theImodular guns. The modular guns are indicated gener- cam traces on the outside periphery engage cam fol-ally by reference numerals 39 and 41 in FIGS. 12 and atresothotidprpeyengeamo-
l b 13. 35 lowers of control valves in the hydraulic control assem-

13. bly 37.
The gun module 31 is a liquid propellant gun. The The cam 49 in the embodiment shown in FIG. 12 cangun burns a liquid propellant in the firing caamber to

propel the projectile. be a rigid member. In other applications, e.g.. the FIG.I The particular embodiment of the gun 31 shown in 13 emboeiment the cam 49 must be a flexible member

the drawings and described below is constructed to use 40 as illustrated to accommodate non-circular groupings

a bi-propellant. a propllant having two components of modules. As will become more apparent from the
which are mixed in the firing chamber. The gun module description to follow, a flexible cam is possible because 7

31 shoA n in FIG. I uses a non-hypergolic b--propellant. of the low cam face loads of the present invention. The
The t'o components of the bi-propellant uo not ignite low cam face loads are possible because the cam doeshe on contact. 45 not drive the bolt assembly. The force for driving the

Non-hypergolic bi-propellants have this advantage bolt assembly is supplied by hydraulic actuators, and
over hypergolic bi-propellants. The non-hypergolic bi- the cam serves only to maintain the proper phase rela-

propellant can be handled in the saffe way as a mono- tionship between the actuators and the control valves.
propellant. For example, the firing chamber can be
fired, without spontaneous ignition, as in a mono- 0 The cam 49 icluesgear teeth 53 on the outside pe-
propeliant. Because of this fact, the chamber can be riphery of the cam. An electric or hydraulic motor (not
fired without having to pump again: combustion pres- shown in the drawings) drives the cam (in counter-
sure; and the propellant can be loaded in an exact clockwise rotation as viewed in FIGS. 8-1) by meant
amount before ignition is started. It should be noted, of the gea teeth 53.
however. that many of the principles of the present in- .The receiver 45 mto.n a bolt 5S and propellant in-1 vention could be applied to liquid propellant gum using jection mechanism for reciprocation toward and away

hyperrolic bi-propellants. Most of the principles of the fron combustion chamber S7 at the inlet end of the
present invention can be applied to liquid propellant barrel 43.
guns using mono-propellants. 0The bolt and injector sub-assembly is best illustrated

The bi-oropelant is ignited in the combustion cham- in FIG. 29. In FIG. 29 the prpellant injection mecha-
ber by a spark plug in the embodiment of the gun mod- nism S9 includes a yoke 61, an acid piston 63,a fuel
ul. shown in FIG. 1. Ignition can also be accomplished piston 65 and a hydraulic actuator 68. In the embodi-
by compression ignition or by injecting a chemical into met of the invention shown in FIGS. 2A. 2B. 3A. 33
the propellant. The present invention is no; reukted and FIG. 29, the acid pistoa reciprocates within a cylin-
to spark ignition. der 70 formed in the bolt SS, and the fuel piston 5 re-

The gun module 31 is a cam-controlled, hydraulically cips-eats within cylinder 69 formed in the bob S.
powered gun. The main cam maintains a proper s-

a .

•
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The acid, or oxidizer, component of the bi-propetlant Suitable seal means, as shown in the drawings, are
is injected from the cylinder 70 through a port 7 1 into provided to accomplish the necessary sealing.
a central bore or pre-combustion chamber 73 of the As best shown in FIG. 3B, the fuel line 97 is con.
bolt 55 and then into the combustion chamber 57. nected through the end plate 47 to a fuel port 101, and

The fuel in an aircraft installation may be the same 5 the acid line 99 is connected through the end plate 47-
fuel (such as JP 4) used for the aircraft engine. The fuel to an acid port 103.
is injected from the cylinder 69 into the pre- FIG. 3A shows the bolt 55 at its full forward Position.
combustion chamber 73 and the combustion chamber
57 through a port 72 shown in FIGS. 2A. A projectile 105, as shown in FIG. 3A. has been

Piston 63 includes a one-way check valve 75 at the 10 forced forward to the position illustrated by the for-
forward end of the piston. ward move-tent of the bolt 55 and also by the liquid

The piston 65 includes a one-way check valve 77 at propellant injected behind the projectile 105 into the
the fo-ward end of the piston. raing chamber 57 by the forward movement of the fuel

These check valves permit the fuel to flow through piston 65 and the acid piston 63. The projectile 105 is
the interior of the pistons and through the head of the 15 forced forward by the liquid propeflant injected in the
piston into the cylinder 70 and the cylinder 69 during chamber 57. The forward motion is stopped by the re-
the retraction strokes of the pistons within the cylinders sistance produced by the forcing cone. The way in
70 and 69. w'ich the prcjectile is loaded into the receiver and

The strokes of the pistons 63 ard 65 are the same forced forward by the bolt and the liquid propellant in-
since the pistons are yoked together by the yoke 61. 20 sures that the firing chamber 57 and pre-combustion-
The prover mix ratio for the two components of the bi- chamber 73 are completely filled with liquid propellant'
propellant is obtained by the relative diameters of the to eliminate an ullage problem.
pistons 67 and 65. The two ccmporaents of the bi- Thc projectile 105 may preferably be fed to the re-
propeilant are therefore injected into the firing chain- ceiver by a linkless belt 105 as shown in FIG. 12.
ber in both metered amounts and in a constant mix ra- 25 As showr in FIG. 12 (and as also shown in the lower
tio. lho r FIG. 1a)a a sowncin the lower

A spark plug 79 i- mounted frr reciprocation within Ieftuad corer of FIG. 14A). a projectile loader lever

the bolt 55 in a bore 81 which forms a continuation of 09 bats a projectile 105 out of the belt 107 and into

a pre-combustion chamber 73. a curved slot I Il shaped to drop the projectile 105 intc

The spark plug 79 closes off the propellant injection 30 the proper position in the receiver assembly 31 in front

port 71 of the cylinder 70 and the port 72 for the cylin- of the bolt 55.

der 69 as the spark plug is moved forward during a Ihc projectile loader lever 109 sa' in the form of a bell

cycle of operation to control the end of te propellant can (a be secevn in bG a pn pv yc
injection strokes. nected to the receiver 45 by a pin 110.

As best shown in FIG. 29, the bolt is actuated by a hy- 3s The lever 109 is pivoted about the pin 110 by a by-
draulic actuator 83 and an actuator rod 8S. draulic actuator indicated generally by the reference

The bolt " includes a bolt cam follower 87. numeral 112 it.. 7G. 14A.
The futI injection yoke 61 includes a cam follower The actuator 112 includes a housing 114 and a piston

59. 116 reciprocable within a bore in the housing. A rod of
The spark p:ug includes a spark plug cam follower 40 the piston 116 is connected to the lever 109 in a pin-

91. joint connection 118.
With continued reference to FIG. 29, the hydraulic As shown in FIG. 3A the projectile 105 in the re-

fluid for the propellant injection mechanism actuator ceiver above the bolt 5 is positioned to be moved
68 is brought in through a hydraulic line 93 and a hy- downward and in front of the front face of the bolt 55
draulic port 9S. 45 by the lever 109 when the bolt 55 is retracted.

The fuel for the fuel piston 65 is supplied through a Eacl% gun module 31 includes a misfire detection and
fuel line 97. module shutdown system. This system will be described

The oxidizer for the acid piston 63 is supplied in detail with reference to FIGS. 14A and 14B, but at
through a line 99. the present time it should be noted uat the system in-

The injector actuator 68 includes a piston 64 slidable 50 cludes a detector mechanism indicated generally by the,
in a bore 66. The piston 64 in turn has an inner bore reference numeral 113 in FIG. 2A. The mechanism 113
66A. includes a housing 115 clanip.d to the front end of the

The injector actuator hydraulic line 96 (see FIG. 4 barrel 43 by bolts and nuts Ls!!4strated. The housing
and FIG. 29 and also FIG. 10) slides within the bore 115 has a restricted orifice !17 which fits within an
66A in a trombone type arrangement as the injector opeipe, 119 in the barrel. T.e orifice 117 opens into
yoke GI is reciprocated back and forth by the action of a cylinder 121 in the interior of the housing 115. A sec-
the piston 64 within the bore 66. ond restricted orifice 123 also communicates with the -

As best shown in FIGS. 2B and 3B. the fuel piston interior of the cylindtr 121 and extends through the
and fuel line and the acid piston and acid line also have 6O wall of the housing 115 to connect the cylinder with the
similar trombone type arrangements. ambient atmophere.

Thus. the fuel piston 65 has a hollow interior forming A piston 125 is reciprocable within the cylinder 121.
a bore 65A. and this hollow bore slides back and forth
on the outside of the fuel line 97 during reciprocation A piston rod 127 extends from the rearward end of
of the piston 65 by the yoke 61. 65 the piston 125 through an end wall of the housing 115

The acid piston 63 has a bore 62, and this bore 62 and through a tube 129 beck to a module shutdown
slides back and forth on the exterior of the acid line 99 control valve 223 as shown in FIG. 14B and as will be
as the acid piston 63 is reciprocated by the yoke 61. described in greater detail below.
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An opening 131 extends through the front end wall of the lock 165 extends transverse to the axis of recip-
of the housing 1 IS to vent the cylinder in front of the rocatity, of the bolt 55.
piston 125 to ambient atmosphere to prevent lock-up. The 'ocl t65 has a cutout or relieved area 177 which

permits the lock to be mounted with the rotational axis
The orifices 117 and 123 are controlled orifices. The s of the lock closely adjacent to the outer periphery of

high pressure gas behind the projectile 10S enters the the bolt 5S. The relieved area 177 is shaped to, in ef-q achamber within the cylinder 121 behind the piston 125 fect, let the bolt reciprocate within the lock 165 with
through the orifice 117 as the projectile is fired out of the outer periphery of the bolt in closely adjacent rela-

the barrel 43. The orifices 117 and 123 permit the es- tionship to the surface of the cutout 177 of the lock
cape of the pressurized gas from the interior of the to when the lock is in the unlocked position.
housing 115 at a contrclled rate to provide a certain The bolt 5 has a similar cutout or relieved area 181
leak down time. If anot;.cr projectile is not fired within which provides an abuttment face when the lock 165
this leak down time the piston rod 127 is pulled back is rotated into the cutout or relieved area 181.

I (to the right as viewed in FIG. 2A) by hydraulic pres- This action is best shown in FIGS. 23 and 24.
sure exerted on a face of the control valve, as will be 15 In the configuration of the pars shown in FIGS. 23
described in greater detail below with reference to FIG. and 24 the lock 265 has an abuttunent face 179. The
14B. face 179 abutts the corresponding abuttment face 181

The detection mechanism 113 thus detects a misfire. of the bolt 55, which is a part of the relieved area 177
The detection mechanism 113 remains in the position of the lock 165.
illustrated in FIG. 2A so long as the gun module contin- 20 FIGS. 25 and 26 and FIGS. 27 and 28 show modified
ues in normal cyclic operation and does not misfire. On lock and bolt arrangements in which the abuttment
a misfire the piston 125 is shifted rearward (to the right face 179 of the lock is not part of the relieved area 177
as viewed in FIG. 2A). of the lock.

As shown in FIGS. 2A and 3A an inlet port 133 and In this instance, however, the abuttment face 179 of
an outlet port 135 are connected to the top of the bar- 25 the lock engages a substantial part of the relieved area
rel 43 through openings in the receiver 45 for supplying of the bolt in the locked position so that only a small
fluid to the combustion chamber 57 to purge the chain- force exerted by the actuator 167 is required to hold
ber 57 in the event of a misfire. the bolt in the locked position.

As best shown in FIG. 6 the fluid from the inlet port Since the combussion pressure developed in the com-
133 flows into the combustion chamber 57 through a 30 bustion chamber 57 is quite large, the force on the for-
port 139 when a valve member 141 is positioned to per- ward face of the bolt S5 during firing is also quite large.
mit flow between the ports 133 and 139. This force on the face of the bolt acts in a direction

As best shown in FIG. 14A a companion valve 143 tending to open the bolt, and it is therefore important
controls the flow of the purge fluid out of the combus- that the lock mechanism 163 be effective to hold the
tion chamber 57 throtugh a port 145 (like the port 139) 35 bolt in the locked position.
and through the outlets of 135 to sump. As best illustrated in FIG. 22 the spark plug 79 also

As shown in FIG. 14A the valve members 141 and has a cutout or relieved area which engages the lock
143 are yoked together by a yoke 147 and spring bi- 165 when the lock 165 is rotated to the locked position.
ased, by springs 149 and 151, to the positions illus-
trated in which the valve members close off the por 40 As also illustrated in FIGS. 21 and 22, the piston 63
139 and 145. of the propellant injection mechanism may also be

A hydraulic actuator 153, which includes a piston formed with a locking element 185 projecting out-
* 155 spring biased by the spring 157 to the position illus- wardly from the piston 63 for engagement with a lock-

trated in FIG. 14A, opens the ports 139 and 145 by ing face 187 of the lock 165 when the lock is rotated
moving the valve members 141 and 143 to the left as 45 to the locked position.
viewed in FIG. 14A when hydraulic pressure is admit- The locking element 185 is slidable within a slot 189
ted to the interior of the actuator 153 through the con- of the bolt 65. The locking of the fuel injection mecha-
duit 159. The flow of hydraulic fluid through the con- nism is not as critical as the locking of the bolt 5 and
duit 159 is under the control of a three-way time con- the spark plug 79 because the fuel injection mechanism
trot valve 161. The three-way time delay valve 161 is is not directly exposed to the combustion pressure
controlled by the misfire detection and module shut- within the combustion chamber 37.
down system, as will be described in greater detail with Before going to a discussion of the control mecha-
reference to the description of FIGS. 14A and 14B. nism shown in FIGS. 14A and 14B, it should be noted

As best stown in FIGS. 20-22 the gun module 31 in- that FIG. 17 and 17A illustrate a modification of a pro-
eludes a breech lock mechanism. This breech lock pellant injection mechanism. In these figures the cylin-
mechanism is indicated generally by the reference nu- der 70 and piston 63 ar mounted for reciprocation
meral 163 in FIGS. 20-22. within a bore 79A formed in the barrel 43 and in the

The breech lock mechanism, as best shown in FIG. receiver 45 rather than in the bolt s.
14A, includes a lock 165 ad an actuator 167. 60 The cylinder 70 has a front end portion constructed

The actuator 167 includes a piston 169 and a rod to withstand the high presure developed during com-
171. The forward end of the rod 171 has gear teeth 173 bustion in the combustion chamber 57.
wh;ch engage corresponding gear teeth 175 on the Seals, such as O-rings 401, pie the I 0s: 0-
lock. The rod 171, gear teeth 173 and gear teeth 175 bustion chamber pressure.
form a rack-and-pinion arrangement for rotating the 65 A spring biased check valve 403 is mounted in the
lock 165. front end portion of the cylinder 70 to permit the flow

The lock 165 is a cylindrical member mounted for of propellant from the cylinder through the port 71 to
rotation about its longitudinal axis. The rotational axis the combustion chamber.
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The control valve 247 includes a valve housing 249. start firing as soon as the trigger solenoid 197 is ener-
The valve housing 249 has a longitudinally extending gized to the on position.central bore 251. As illustrated it. FIG. 14A the hydraulic drive control

A compound spool is axially shiftable within the bore system includes a breech lock control valve indicated
251. 5 generally by the reference numeral 277 and a projectile

The compound spool includes an inner spool 253 and loader control valve indicated generally by the refer-
.II a sleeve 255. The sleeve 255 is axially shiftable on the ence numeral 279.

reduced diameter central portion of the spool 253 be- These control valves control the breech lock actuator
tween abuttment stops 257 and 259 at opposite ends of 163 and the projectile loader actuator 112.

* the spool 253. 10 The control valves 277 and 279 are compound spool
The conduit 211 connects to the forward end of the control va ves Itke the bolt and injector control valve

housing 249 and the conduit 213 connects to the rear- 247 and o,,-ate in a dual mod: like the control valve
ward end of the housing 249. When pressurized fluid is 247.
supplied through the conduit 211 as illustrated in FIG. Thus, a conduit 211 is connected to the forward end
148 the sleeve 255 is shifted rearward and into engage- 15 of a valve housing 281 of the control valve 277 and the
ment with the stop 259. conduit 21! is also connected to the forward end of a

A cam follower 261 on the valve spool 253 rides in valve housing 283 of the coatrol valve 279.
a trace 263 on the main cam 49. Rotation of the cam A conduit 213 is comemot to the rearward end of
49 periodically shifts the cam follower 261 forward to the housing 281 and a reom end of the housing 283.
the position indicated by the dotted line to cause corre- 20 Pressurized hydraulic fMlis supplied to a central part
sponding shifting of the valve spool 253 and the sleeve of each valve housing 281 and 283 by the conduit 227
2-5 engaged with stop 259. during normal operation.

Pressurized fluid is led into the control valve 247 by The pressurized fluid from the line 227 is directed al-
the conduit 227. 25 ternately to the front and to the back side of the breech

Conduits 262 anad 265 extend from the valve housing 25lock actuator 167 through conduits 285 and 287.
249 to the rear ends and to the front ends respectively The breech lock control valve 277 includes a con-
of the actuators 83 and 68 for the bolt S5 and the yoke pound spool The compound spool has an inner spool

61 of the propellant injection mechanism. pound spool . The e sl eeier291ool

With the cam 49 in the posi.ion illustrated and the 289 and a valve sleeve 291. The valve sleeve 291 is

valve sleeve 255 pressed against the stop 259 of the 30 shiftable on the spool 289 between the stops 293 and

spool 253, the pressurized fluid flows from the conduit 295.
227A land 297 controls the fluid from conduit 227 to the227 asta lnd 67 ad t th coduit262andthe conduits 2,0. and 237.
back sides of the actuators 83 and 68. The respective onauis p ue ani r t a a

pistons and the actuators are thus forced forward to the On a misfire, pressurized ffuid from the main hydrau-
positions illustrated in FIG. 14B. 35 lic line 191 is directed to the conduit 225 (see FIG.

When the cam 49 rotates to a position in which the 14B). through an orifice 233. and, in the case of the
trace 263 shifts the cam follower 261 to the dotted line breech lock actuator 163, through a conduit 299 and
position shown in FIG. 14B the land 267 closes off flow a one-way check valve 301 to the front end of the hous-
through the conduit 262 and directs the flow to the ing 167 to hold the breech lock in the locked position
conduit 265 to reciprocate the pistons in the bolt actua- 40 illustrated.
tor 83 and the propellant injection actuator 68 to the During normal cyclic firing operation pressurized by-

rear. drauic fluid is supplied to the front end of the housing
In this mode of operation the control valve 247 acts 281 of the breech lock control valve to position the

as an on-off valve or flow switching valve to cause re- sleeve 291 against the stop 295 as illustrated in FIG.
ciprocation of the bolt and propellant injection mecha- 14.
nism with the movement of the cam follower 261. Con- A cam follower 303 on the valve spool 289 rides in
duits 269 and 271 extend downwvard from the valve a trace 305 on the cam 49. As the cam 49 rotates, the
housng 249 and connect with the return conduit 193. trace 305 periodically shifts the cam follower 303 to
Flow through these conduits 269 and 271 is controlled the forward position illustrated by the dotted outline.
by lands 273 and 275 on the valve sleeve 255. These 50 This in turn shifts the valve spool 289 and the vlave
lands open one side of each of the actuators 83 and 68 sleeve 291 to produce reciprocation of the piston 168
to hydraulic fluid returr, when the other side of each ac- in the breech lock actuator. Conduits 307 and 309 con-
tuator is being pressurized. nect the valve housing 281 with the return line 193.

Pressurized hydraulic fluid is supplied through the If the trigger off but armed condition pressurized hy-
conduit 213 to shift the sleeve 255 forward against the drnulic fluid is directed through the conduit 213 to the
stop 257 when the gun is plhced in the armed condition rear face of the sleew 291 to move the sleeve forward
( a condition in which the .:ain cam urive motor is en- against the stop 293. In this condition of operation, the
ergized. the main cam is rotating and hydraulic power breech lock actuator is maintained in the unlocked po-
is applied to the gun m- ule) and the trigger solenoid siton ready for the stat of firing. The reciprocation of
197 is in the off position. In this condition of operation the valve spool 295 by the cam follower 303 is not ef-
the reciprocation of the spool 253 by the cam trace 263 fective to change the flow of preamaized hydraluic fluid
is not effective to produce any reciprocation of the bolt from the conduit 237 to the back side of the piston 169.
and propellant injectors. Instead, pressurized hydraulic
iauid is continuously transmitted from the conduit 227 65 The conduit 227 includes a one-way check valve 311
to the conduit 265 past the land 267 and to the forward and the conduit 309 includes a one-way check valve
end of the actuators 83 and 6M. The bolt and propellant 313 for preventing bleed-off of pressure from the front
injectars are thus held in the open position ready to part of the hydraulic actua 167 during a misfire con-



S33,800,657
S13 14

dition in which the breech lock is maintained in the beore the trigger solenoid 197 has been moved to the
locked position. on position to initiate firing.

The projectile loader control valve 279 includes an The traces 345, 347 .nd 349 also connect with addi-
inner valve spool 315 and a valve sleeve 317. The valve tional straight through traces 357,359 and 361 respec-
spool 315 hasstops 319 and 321 at oppositc ends of the 5 tively as illustrated in FIG. 18. These last three straight "* valve spool. A cam follower 323 rides in a trace 325 on through traces provide the paths for the respective cam
the cam 49 and is shiftable between the solid line posi- followers in the closed bolt or misfire condition of
tion and the dotted line position shown to reciprocate - operation.
thie valve spool 315. The cam 49 is rotated in the direction indicated in

Pressurized hydraliuc fluid supplied to the forward 10 the drawings by a hydraulic motor or other suitable
end of the valve housing by the conduit 211 during nor- drive means engaged with the gear teeth 53.
mal cyclic firi'g operation shifts the valve sleeve 317 The operation of the gun module 31 will now be de-
rearward against stop 321 as illustrated. scribed. The mechanical operation of the gun will be

Pressurized hydraulic fluid supplied through the con- described first, and the operation of the hydraulic con-
duit 213 to the rearward end of the valve housing 283 15 trol circtit will then be summarized.
shifts the valve sleeve 317 forward against the stop 319 'ihc following is a description of the operation of the
during the armed but non-firing condition of the gun. gun mechanism.

When the gun is placed in the armed position, the
Pressurized hydraulic fluid from the conduit 227 main cam drive motor (not shown in the drawings) is

flows past a one-way check valve 327 and into the cen- 20 energized and hydraulic power is supplied to the gun
tral part of the bore within the housing 283. From there module through the main hydraulic supply line 191. -
the pressurized fluid flows either through a conduit 329 If the trigger is in the off position, the hydraulic con-
to *he rearward end of the projectile loader actuator or trol system (shown in FIGS. 14A and 14B) will unlock
through a conduit 331 to the forward end of the projec- the breech lock 165 and will position the projectile
tile loader actuator 112. The flow of pressurized fluid 25 loader lever in the up position. The bolt 55 and the in-
through the conduit 329 and 331 is controlled by a land jector yoke 61 will be positioned in the rear position.
333 on the sleeve 317. Fliuid is returned to the return As long as the gun is in the armed condition with the
line 193 from the housng 283 by conduits 335 and 337. trigger off these components will remain in these posi-
The conduit 335 contains a one-way check valve 339. tions. This is generally referred to as the open bolt posi-

30 tion.
A conduit 341, having a one-way check valve 343 When the trigger solenoid 197 is put into the on posi-

connects the forward end of the actuator 112 with the tion, the hydraulic control system and main cam 49 will
conduit 225. When the misfire detection mechanism cover the following sequence of events:
directs pressurized fluid through the condui. 225 to the I. The projectile loader lever 109 moves down, forc-
projectile loader actuatw. 112, the actuator is moved 35 ing a new projectile 105 into the loading tray 111.
rearward to hold the projectile loader in an open posi-
tion. 2. The bolt 55 moves forward, ramming the projectile

It is an important feature of the present invention 105 into the combus.:ion chamber 57. When the
that several of the controlled elements are interlocked bost 55 is fully forward, the breech lock 165 is
through the cam to the control valve controlling these 4 locked.
components. 3. The injector pistons 63 and 65 initially move for-

Thus, both the bolt and the propellant injectcrs are ward with the bolt 55. However, until the bolt S5
interlocked through the cam to the bolt and injector stops, there will be no relative movement between
control valve. This insures precise phase relationship the in.iector pistons 63 and 65 and the bolt S5.
between the control valve and the actuators and also 43 When the bolt SS stops, the injector pistons 63 and
precise phase relationship between actuated compo- 65 continue to move forw,-rd. injecting a charge of
nents. Because hydraulic boost is used for actuation, fuel and acid through the pre-combustion chamber
cam face loadings are quite low. And because of the in- 73 and then into the combustion chamber 57. The
terlock a simple on/off flow switching valve can be used injected propellant will force the projectile 105 for-
without the need for expensive and complex feedback ward as it is injected. Since the diameter and stroke
mechanisms of conventional hydratilic serve motor sys- of the fuel and acid pistons 65 and 63 are constant,
tems. each forward motion of the injectors will meter a

As illustrated in FIG. 148, the cam follower 87 of the fixed propellant charge with a constant, pre-
bolt 55 rides in a trace 345 during normal cyclic firi,"3 5 determined mixture ratio.
of the gun. As best shown in FIG. 18 this trace 345 is 4. When the injector pistons 63 and 65 are fully for-
located on the inner periphery of the cam and accom- wad and the injection is completed, the spark plug
modates the reciprocatory motion of the bolt. 79 is moved forward sealing off the injection ports

The cam follower 89 of the propellant injection 71 and 72. It should be noted at this point that in
mechanism rides in a trace 347 during normal cyclic 60 the case of the mono-propellant, metering of the
firing of the gun. propellant can be accomplished witbout the need

The spark plug cm follower 91 rides in a trace 349 for a cut-off valve. In the case of a mono-
dJring normial cyclic firing of the gun. propellant, it is often possible to use tank preaun

The traces 345, 347 and 349 connect w.ith straight without a hydraulic boost for injecting the propel-
through traces 351, 353 and 355 respectively as inlus- 65 lant into the firing chamber. The injection of the
trated in FIG. 1. These straight through traces are the mono-propellant can start by puttL~g the fuel into
traces in which the cam followers ride during the open the chamber behind the projectile simply by open-
bolt static conditiom after the gun has been armed but ing a valve. The mono-propellant continues to floe
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into the combustion chamber behind the projectile The design and operation of the secondary control
until the resistance to continued forward move- valves is a unique feature of the present invention and
ment of the projectile produced by the forcing is fuadamental to the operation of the hydraulic control
cone is greater than the force developed by the circuit. The bolt and injector system control valve 247
pressurized fuel on the back face of the projectile. 5 is typical of the seconda control valves. The valve
At that point the p oiectle stops and a metered 247 consists of the outer valve body 249, the hydrauli-
amount of propellant is in the firing chamber. cally operated sleeve 255 and the cam-operated inner

5. When the spark piug 79 is full forward, electrical spool 253. The cam follower 261 attached to the rear
power is supplied to the spark plug; and the gun is end of the spool 253 engages the groove 263 of the cam
fired. 10 49. As the cam 49 rotates, the spool is caused to trans.

6. The breech lock 165 is then unlocked, late forward and rearward in the outer v-Jve body. The
7. The projectile loader lever 109 moves to the up spool is shown in FIG. 14B in its rear position (the dot.

position, ted line illus*rates the maximur forward position of the
13 8. The bolt S5 and injector pistons are driven to the cam follower). The sleeve 255 is concentric to the

rear. when the rewarward movement of the bolt 55 15 spool and its position relative to the spool is controlled
stops, the rearward movement of the injector pis- hydraulically by means of the bias control valve 195.
tons 63 and 65 continues for the length of the Hydraulic pressure applied to the front end of the
stroke of the pistons. As the pistons move to the sleeve 255 will force the sleeve rearward against the
rear, propellant, (i.e., acid and fuel) flows through rear stop 259 of the spool 253, and hydraulic pressure
the ball check valves 75 and 77 and fills the vol- 20 applied to the rear of the sleeve 255 will force the

- umes created by the rearward movement of the pis- sleeve forwar against the forward stop 2S7 of the
tons relative to the bolt. The pistons are, in effect, spool. In either the forward or the rear position relative
drawn backwards through the propellant to fill the to the spool, the sleeve will translate forward and rear-
injector cylinders during retraction of the pistons. ward in the outer valve body 249 as the piston moves.
This -- t-c charge that will be injected into the fir- 2 5 Thc positi leeves with respect to the spool in
ing chamber 57 for the next round, each of the secnndary control valves 247, 277 and 2799. The next firing cycle is then repeated. is control!cd by means of the bias control valve 195,

10. In the event of a misfire, the misfire detection which, in turn. is actuated by the trigger solenoid 197.

mechanisms 113 and module shutdown valve 223 30 When the uiggr solenoid 197 is energized, the biasmechniss 11 an moule hutownvalv 22 30control v-lve 19S is pulled to the tmar, thus allowing by-
will shut off the hydraulic supply (see the hydraulic
control circuit of FIGS. 14A and ItB). The breech draulic fluid to 3ow to the forward end of all of the se-

lock 165 will be locked, the projectile loader lever condry conrol "-alv's. This forces the sleeves rearward
against the rear stops of the related spools. When the

injectorpistons 63uposto and 65wilbefoto the or 5 ad trigger solenoid 197 is ek.nergized, the trigger solenoidinjector pistons 63 and 6S will be fo:ced to the for- 35 during spring 196 pushes the bias control valve for-

ward position. The misfired module will remain in dis a 96 puhls th bias to ve r-ward. This allows hydrnulic fluid to flow to the rear end
the shutdown position until maintennnce can be of all the secondary control vatves and forces the
performed. However, the other modules of the gun sleeves fotward against the forward stops of the related
cluster remain in operation. spools.

The operation of a hydraulic control circuit is be- 40 'Me relative posiion of the vrriou components in
lieThe reatv pbiton ofn them theou component incitinolieved to be evdlent from the detailed description of respect to the cam follower and sleeve position are tab-

FIGS. 14A and .4B above but will now be summarized. ulated in the following table L

The hydraulic control circuit illustrated in FIGS. 14A TABLE I
and 14B has three basic elements. The basic elements 45 BOLT, INJECTOR, BREECH LOCK, AND
of the circuit are: PROJECTILE LOADER POSITIONS AS A

I. The primary control components' These compo- FUNCTION OF SLEEVE* AND CA M POSITION
nents include the misfire detection mechanism 113
and the module shutdown valve 223. The primary Forward Rear
control components also includ. the bias control 50 ff)eee tasr 00)

valve 195. foflower Po&iua -drr
2. The secondary control co'rponents. The secon- Bol and bok actuator "M 111,d fe

dary control components include the bolt and in- ijec-or a-i u.,eora- rm ,ear forward mear
Bereech lock act ater fward rear forward

jector system control vzve 247, the projectile ,and breech ock rocked locked mocked
loader control valve 279 and the breech lock con- proectil eider aftew "w frwud rear
trol valve 277. d o"t at ad lever u do ve Mlo•Sleeves Wams f lkmen = n and injecar al breech ock

3. The auxiliary control components. The auxiliary casua valee a lade vaive
control componcnts include the gun purge valves
141 and 143 and the three-way time delt.y valve Whenthe trigger is in the offcondition. the bias valve
161 and the valve actuator 153. 197 is forced forward by a bims control spring 196. Hy-

The primary control components consist of the ruai- draluic fluid flows to the rear of each of the secondary
fire detection mechanism 113 and the module shut- control valves 247. 2r and 279, tis forcing the
down valve 223 and the bias control valve 195. The sleeves into the forward position. With the sL.eves a

* bias control valve 195 is operated by the electrical sole- the forward psitmi. the bob and ijector control valve
noid 197, which in turn is controlled by the gun trigger. 247 will allow hydraulic fluid to fow to the forward
The bias control valve 195 controls the hydraulic fluid port of the bolt actumr £3 and to the forward port of
supply to the secondary control valves, the injector actuator 6, the forcing the bolt 55 and

* i m w~mmmmma~ m m Nd wam mJmm Il m tsat
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the injector pistons 63 and 65 to the rer. The breech end of the valve 223 and engages one of two groove!
* lock control valve 277 allows hydrauh,: fluid into the or traces 241 and 243 in the mLin cam 49. The noral

rear chamber of the breech lock actuator 167 uhich position of the misfire detection mechanism and mod-
forces the breech lock forward into the unlocked posi- ule shutdown valve is when the cam follower engages
tion. 5 its forward trace 241, or the valve 223 in the forward

The projectile loader control valve 279 allows hy- position or open position. The valve is acted upon b)
draulic fluid to flow into the forward chamber of the several forces, depending on the contro! mode.
proje, tile 'cader actuator 112, forcing~ it rearward and In the tiggei "if (bias co ntrol valve 195 in the for-
causing the projectile loader lever 109 to move into the ward position) ccndition. hydraulic fluid is allowed tc
up position. As the cam 49 rotates, the cam followers 10 flow into the spring chamber 235 of the misfire detec-
and systems of all the secondary control valves 247. tion module shutdown system valve. Trhe combination
277 and 279 will translate fcrxard and backward. The of the spring and the hydraolic pressure forces the
sleeves will translate with However. piston. However in valve to remain in the for1ward position with the carr
this trigger off condition, the valve ports are arranged follower 239 engaged in the forward cam trace 241.
so that the bolt £5, injector pistons 63 and 65, proiec- '5 In the trigg!er on (bias control valve 195 in the rear
tile loader lever 109, and breech lock 165 wil remain position) condition, hydraulic fluid flows ioto the rear
in position as the sleeves translate, chamber, acting on the rear piston 237 and exerang a

When the trigger is energized or on, the bias control force rearward on the valve 223. However, during nor-
valve 195 moves rearward, and hydraluic fluid flows to mal firing, high pressure propellant gases are bled into
the forward chambers of the secondary control valve 20 the gas chamber 121 which exert a force to maintain
247. 277 and 279 forcing the sleeves to the rear. The the valve 223 in the forward position. The combinatior-
sleeves will translate with the valve spools as the main of the bleed gas pressure and spring exert a greate,
cam 49 rotates. However. with the sleeves in the rear force than the hydraulic force so that valve stavs in the
position, the valve ports are arranged so that the fol- forward direction.

In the event of a misfire, there will be no propellan'
In the bolt and injection control valve 247, with the gas pressures generated. The hydraulic fluid pressure ir

slee'.es positioned to the rear, translation of the spool the rear chamber of the ,ousing 209 acting on the reaf-
253 and the sleeve 255 forward as the main cam 49 ro-
tates allows hydraulic fluid to flow to the forward piston 237 will oeecome the force of the spring 235chamber of the bolt actuator 83 and the injector actua- 30 and will exert a net rearward force. As the main carr
toamer b othusforcn the bolt and the injector pstos 49 rotaes around, the cam follower 239 will engage tht.tor 68 thus forcing the bolt 55 and the injector pistons transfer groove or path 245 and will move rearward to
63 and 65 to -he rear. Translation of the spool 253 and trae r groov e or t ane 2il. moe re dtosleee 25 rarwrd llos hyrauic lui toflo to engage the rear groove or trace 243. Tlhe misfire detec-sleeve 255 rearward allows hydraulic fluid to flow to ion and modue shutdown %--e 223s will be forced t(
the rear chamber of the bolt and injector actuators,
thus forcing the bolt and injector piston forward. 35 the rear and will remain it. this position. In moving t

In the breech lock control valve 277 with the sleeves the rear position, the valve will shut off the primary hy-
291 in the rear position, translation of the sleeve 291 draulic flow from the co-_euit 191 to &.e bias contrcl
and spool 2S9 forward as the main cam 49 rotates al- valve 195, the bolt and injector contrcl valve 247, thi

lo'-s h.draulic fluid to flow into the rear chamber of breech lock control valve 27 and the projectile oade

the b;eech lock actuator 163, forcing it forward and 40 control valve 279. The shutdown hydraulic circuit is
unlocking the breech. Translation of the sleeve and opened, and h'draulic fuid will flow through the re-
spool to the rear allows hydraulic fluid to flow into the stricting orifice 233 and through the checL valve 307
forw ard chamber of the breech lock actuator 163, forc- to the forward end of the breech lock actaa:or 163 ant-.-
ing it rearward and locking the breech, through the check valve 343 to the forwr end of the

In the projectile loader conrol valve 279 with its A5 projectile loader actuator 112. The bret :.,, lock actua-
sleeve 317 in the rear position, tranlation of the sleeve tor 163 is forced to the rear into the I, cked position
317 and spool 315 forwzrd as the main cam 49 rotates The projectile loader actuaote 112 is also forced to tht
al;os h)drauiic fluid to flow to the forward chamber rear. Hydraulic fluid also flows through tne three-way

* of the projectile loader actuator 112 forcing the actua- time delay valve 161 and forces the purge valve pisto'
tor rearward and positioning the projectile loader lever 0 yoke 147 forward, opening the chamber purge vat.'.
109 in te up position. Translation of the sleeve and 141 and 143. Fuel (which may be JP-4 in the case a
spool to the rear allows hydraulic fluid to flow to the an aircraft installation) or other fluid (such as water,
rear chamber of the projectile loader actuator 112 from the purge supp!y will flow througn the chamber
forcing it forward and positioning the projectile loader and out to the purge sump, flushi:t6 the propellan
lever into the down position. charge out of the firing chamber 57. After a suitab.

Sequencing of the movement of the bolt 55, injector time delay, the three-way valve 161 viil bypass the hy-
1 piston 63 and 65, breech lock 165 and the projectile draluic fluid to the return line 193, and he purge valve

loader lever 109 are controlled by the design of a main spring 157 will force the purge valve piston to the rear
cam 49. One revolution of the main cam 49 will resu t60 closing the chamber purge valves.
in one cycle of operator. of the bolt, injectors, breech In the misfire, condition, the bolt 55 and the injector
lock and projectile loader with trigger *n the on posi- piston 65 will remain locked in the forward position,
tion. and the gun moducl 31 will shutdown until serviced.

The other primary control components are a misfire Whlile we have idustrited and described the pre
detection mechanism 113 and a module shutdown 45 ferred embodment, of our invention, it is to be under-
valve 223. The main function of the module shutdown stood that these are capable of variztion and modifla-
valve 223 is to shut off hydraulic supply in the event of tion. and we Lherefore do not wish to be ILtited to th,
a misfire. A cam follower 239 is attached to the rear precise details set forth, but desire to aail ourselves o

a 1
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such changes and alterations as fall within the purview tion, and valve means within the piston operable on re-
. of the following claims. tr-ctior, of the bolt to perm.it ieflling of the cylinder

We claim: piston assembly with propellant as the piston is moved
1. A gun of the kind in which liquid propellant is rearward through the propellant within the cylinder

burned in a firing chamber to fire a projectile from the 5 after a firing of a projectile from the gun.
-: .gun and including, a barrel, a receiver, a bolt, means 6. A hydraulically controlled gun of the kind in which

for reciprocating tl'.e bolt in the receiver, a firing ch.nm- liquid propellant is burned in a firing chamber to fire
ber, inject;on mechanism for injecting a non-hypergolic a projectile from the gun including, a barrel, a receiver,
b.-propellant liquid propellant into the firing chamber a bolt, a first hydraulic actuator for reciprocating the
on each cycle of reciprocation of the bolt, said injec- 10 bolt within the receiver, a firing chamber, injection

* tion mechanism including a separate injector for each mechanism for injecting a liquid propellant directly
component of the bi-propellant, each said injector into the firing chamber, a second hydraulic actuator
comprising a chamber and a piston of predetermined connected to actuate the injection mechanism, cam
dimensions, means rigidly interconnecting said pistons, means, a control valve for controlling movement of
actuator means for mov;ng the interconnected injector 15 each said hydraulic actuator, a hydraulic circuit inter-
pistons as a unit whereby said predetermined dimen- connecting a source of high pressure hydraulic fluid in-
sions and common actuator establish accurate meter- dependent of the gun with said valve means and said

: -4 ing and a constant mix of the bi-prGpellant injected di- actuators to power said hydraulic actuators under the
rectly into the firing chamber to fully occupy said control of the valve means, each said valve means hav-
chamber, igniter means for igniting the non-hypergolic 20 ing cam follower means engaging said cam means
b hi-propellant in the firing chamber and control means whet eby the injection of said liquid propellant is coor-
effective to actuate the igniter means to ignite the pro- dinated with the reciprocation of said bolt.
pilUant after the injection mechanism has filled the fir- 7. A gun as defined in claim 6 wherein the liquid pro-
ing chamber with the non-hypergo!ic bi-propellant mix. pellant is a mono-propellant.

25 S. A gun as defined in claim 6 wherein the liquid pro-
2. A gun as defined in claim 1 wherein the actuator pellant is a non-hypergohc bi-propellant.

4 means include a motor powered by a source of fluid 9. A gun as defined in clain 8 including actuators
separate from the gun. movable through relatively large distances for recipro-

3. A gun as defined in claim 2 inc!uding a control cating the propellant injection mechanism and the bolt,
valve for each motor, each said control valve having a 30 cam followers movable through relatively small dis-
control element driven by a cam foltowe:, and a rotat- tances for contrmiling the actuators and wherein both

1 able cam engaged to provide can control and fi id ac- the actuato.s and tI, cam followers are continuously
tuator drive for the injection mechanism by ea,'h said engaged with the cam to insure a precise phase rela-• follower. tionship b:.,ween the actuators and the cam fohiowers.

4. A gun as defined in claim 3 whe:,in said motor in- 35th
c €ludes a movable clement including, cam follow'er and 10. A rapld fihnggun of the kind in which liquid pro-
wherein the cam has a trace engag,:d by a re-pective pellant is burned a a combustion chamber to fire a pro-
control element cam follower and has a secor.d trace jectile from the gun, said gun comprising, a barrel, a re-

: engaged by the movable element of the motor to insure ceiver. a bolt, ccit actua:or i seans for reciprocating the
precise phase relationship between *he control val, e 4 bc!t th 7cthrcv, a ;oiauaiu La ndlbcr hlaying

and the motor. wail structure of substantial mass subjected to heat
* 5. A rapid firing gun of the kird in which liquid pro- soak produced durint the rapid firing of a burst of pro-
A peliant it burned in a firing cha:nb;,r to fire a -,r,,jectile jeceiles from the coran'ustion chamber, injection mech-

* from the gun said gun comprising, a ba-rel, a r.eiv-. anism for injec,.rg liquid prpellant irin the cornbus-
a bolt, bolt actuator means for reciprocating the b.l, tion chamber, said ir.ec.mo1 mechanism incluc'ing a
within the receiver, a combustion chamber bavi~ig -.ill cylinder for ccntaini t,; the liquid propellant to be in-
structure of substantial muss subj.:tA.d to heat .ok jected and a piston ;-rciprocable within the cylinder to
prod-ced during the rapid firing of .- l)ui..t )f proje,- eject the propellat. rrom the cylinder into the combus-

w tiles from the combustion chamber, irjectiot. mecbi- tion chamber on each cyc'e of reciprocation of the
nism for injecting liquid propellant intc, .he cornbu!;ti, .n bolt. mounting means including a bore in the receiver
chamber, said injection mechanism including a cylia- separate from the iolt roun:ng the injection mecha-
der for containing the liquid propellant to be injtcted nism for movement between a fi:st, injection position
and a piston reciprocable within the cylinde. to tj ct ii which the injection mechanism including said cylin-
the prcpellant from the cylinder into the combustion der is physically connected to the combustion chamber
chamber on each cycle of reciprocation of the bolt. SS for injecting liquid prope:ant into the c-unbustion
fmounting means mounting the injection mechanism for chamer and a second, isolated position in which the

1 movement between a first, injection position in whict injection mechanism including said cylinder and the
1 the injection mechanism is physically connected to the liquid propellant in the cylinder ae physically sepa-

c mbustion chamber for injecting liquid propellant 60 rated from the wall structure of the combustion chain-
into :he c-nbustion chamber and a second, isolated er to provide a thermal barrier to heat flow from he
position k- which the injection mechanism includiag hot combustion chamber wall strtcture to the propel-

*•the liquid proplatit in the cylinder are physically sepa- lant, and actuator means for moving the injection
rated from the wati :tructure of the combustion chain- mechanism between the injection position and the iso-
er to provide a thermal barrier to heat flow from ine 6 lated position.

combustion chamber wall stn,:ture to the propellknt, 11. A gun as defined in claim 10 includir.- control
actuator means for moving the iniecion mechanism means for the actuator means effective to retain the in-
betwezn the injection position and the isolated posi- jection c-echanism in the first, injection position during

•I.
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the firing of a burst and to retract the injector mecha- ciprocation of the bolt, mounting means including a
nism in the bore to the second, isolated position only bore in the receiver separate from the bolt mounting

* after the firing of a burst has been co;-apletAd, the injection mechanism for movement between a first,
12. A rapid firing gun of the kind in which liquid pro- injection riositica in which the injection mechanism in-

pellant is burned in a combustion chamber to fire a pro- 5 cluding said cylinder is physically connected to the
* jectile from the gun, said gun comprising, a barrel, a re- combustion chamber for injection liquid propellant

ceiver, a bolt, means for reciprocating the bolt within into the combustion chamber and a second, isolated
the receiver, a combustion chember having wall struc- position in which the injection mechani;m including
ture of substantial mass subj:.cted to heat soak oro- said cylinder and the liquid propellant in the cylinder
duced during the rapid firing of a burst of projectiles 10 are physically separated from the wall structure of the
from the combustion chzamner, injection mechanism combustion chamber to provide a thermal barrier to
for injecting liquid propellant into the combustiol heat flow from the hot combustion chamber wall struc-
chamber, said injection mechanism including a cylin- ture to the propellant, and actuator means for moving
der for containing the liquid Fropellant to be injected the injection mechanism between the injection position
and a piston reciprocable within the cylinder to eject 15 and the isolated position.
the propellant from the cy!inder into the combustion 14. A rapid firing gun of the kind in which liquid pro-
chamber, mounting means for the injection mechanism pellant is burned "n a combustion chamber to fire a pro-
for movement between a first, injection position in jectile from the gun, said gun comprising, a barrel. a re-
which the iniection mechanism is physically connected ceiver, a bolt, means for reciprocating the bolt within
to the combustion chamber for injecting liquid propel- 20 the receiver, a cornbustica chamber having wall struc-
lant into the combustion chamber and a second. iso- ture of substantial mass subjected to heat soak pro-lated position in which the injection mechanism and duedrigtean figofabstfpojclsduced during the rapid firing of a burst of projectiles
the liquid propellant in the cylinder are physically sepa- from the combustion chamber, injection mechanismratero froe comusio chaber stnctute of h ohunin cum
rated from the wall structuic of the combustion chain- for injecting liquid propellant into the combustion
ber to provide a thermal barrier to Leat flow from the 25 chamber, said injection mechanism including a cylin-
hot combustion chamber wall structure to the propel-
!ant, and actuator means for moving the injection tier for containing the liquid propella clt to be injected,

4 mechanism between the iniecton position and the iso- means for ejecting the propeilant from the cylinder into
lated position, and wherein the mounting means mount the combustion chamber, mounting means mounting
the injection Trechanism for reciprocation within the 30 the injection mechanism for movement 1etween a first,

bolt and the injection mechanisrm is retracted to the injection position in which the injecticn mechanism is

second, isolated rosidion % ;th the retraction of the bolt physically connected to the combustion chamber for

after the firing of each round. injecting liquid propellant into the combustion cham-
13. A rapid firing gun of the kind in w-hich liquid pro- ber and a second, isolated position in which the injec-

pellant is burnec in a combustion chanr to fire a pro- 35 tion mechanism and the liquid ptopellant in the cylin-
jectile from the gun, said gun comprising, a barrel, a re- der are physica'ly separated from the wall structure of
ceiver, a bolt, bolt actuator means *o- reciprocating the the combustion chamber to provide a thermal barrier
bolt within the receiver, a combustion chamber having to heat flow from the hot combustion chamber wall
wall stricture of substantial mas. s'ibjected to heat structure to the propellant, and actuator means for
soak procu-ied during the rapid flrirg of a burst of pro- 40 moving the injection mechanism between the injection
jectiles fbom the combusion ch-.mbr, injecticn = Ch- p.i':ion and t-e L-tL:c:d positicii, and wherein the
anism for injecting liuiH propellant into the combus- mounting means mount the injection mechanism within
tion chamber, said injection mechanism including a the bolt and the injection richansim is retrcted to the -
cylinder for containing the liquid prcpellhnt to be in- second, isolated position with the retractio:i of the bolt
jected, means far ejecting the propellant from the cyl- 4 after the firing of each round.
inder into the combustion chamber on each cycle of re-

* so
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r [54] LIQUID PROPELLANT WEAPON Primary Examiner-Samuel W. Engle
[75] Inventors: Lester C. Elmore, Portola Valley; Attorney, Agent, or Firm-Donald C. Feix

Thomas M. Broxholm, Palo Alto,
both of Calif. [571 ABSTRACT

[731 Assignee: PulsepGwer Systems Inc., San A small bore liquid propellant weapon fires projectiles
Carlos, Calif. transported to the firing chamber in a projectile car-

rier. The projectile carrier is separated from the pro-
jectile just prior to firing the projectile. The projectile

[21] Appl. No.: 179,759 carrier can be reconnected with the projectile to ax-
tract the projectile from the weapon in the event of a

[521 U.S. CL . ........... 89/7, 89/194, 102/38 misfire.
[51] nLC ......... ..................................... F4If 1/04 The small bore liquid propellant weapon has a
[581 Field of Search ........ 89/I. 7, 26, 194; 102/38 reciprocating combustion chamber housing. The

reciprocating combustion chamber housing forms a
1561 References Cited large diameter combustion chamber without ullage

UNITED STATES PATENTS and eliminates a lock.

1.359.295 11/1920 Trumble .................................. 89/7 The small bore liquid propellant weapon includes an
2.129.875 9/1938 Rost ........................................ 89/7 integral magazine which has its own pump for the
3.455.202 7/1969 Dixon ei al ............................... 89/7 liquid propellant. The magazine also has a valve

407.474 7/1889 Dudiey .................................... .9/7 element with high pressure seals that operate only for
2.922.341 1/1960 Treat. Jr ................................... 89/7 the life of the magazine and that are discarded with
2.947.221 811960 Griffin et al .............................. 89/7 the empty magazine.
3.011.451 12/1961 Griffin ............................. 89/7 X
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1 2
: I'LIQUID PROPELLANT WEAPON In a rretferred form of the invention the weapon in-

cludes a reciprocating combustion chamber housing

BACKGROUND OF THE INVENTION which allows the formation of a combustion chamber
without the introduction of ullage in a ballistic systemr I. Field of the Invention 5 in which the combustion chamber diameter is larger

The invention relates to a liquid propellant weapon. than the bore diameter of the barrel.
• The invention relates particularly to a small bore liquid The low length to diameter ratio of the combustion

propellant weapon of the kind that can be carried and chamber results in a short reciprocating stroke. This
. used by an individual infantryman, minimizes receiver length and improves chamber wall

2. Description of the Prior Art 10 cooling. This also permits the use of a stationary lock
Existing weapons for infantrymen use solid propel- for the combustion chamber. It provides a convenientlant cartridges. The existing weapons carry the solid means of thermal isolation of the combustion chamber

propellant in cases, a id the cases form a substantial and a convenient means of handling a projectile in a
part of the overall %cight of the cartridge. It is charac- gun employing chambrage. It permits the velocity level4 teristic of the solid propellant that the solid propellant tS to be readily increased by using a longer chamber andI , develops a high peak temperature. stroke, It also permits the length of propellant passagesi .The trend in small arms development is towards in a receiver mechanism to be limited, and this in turn

;].,-higher projectile vlocity. Higher projectile velocity simplifies the mechanism, elimin ,tes voids and eimi-
has a number of advantages. Higher velocity yields in- nates propellant filled passages which could transmit
creased projectile kinetic energy and penetrating 20 flame from the combustion chamber to he propellant
power. Smaller projectiles can be used, and the effec- supply in the magazine.
tive range can be increased. In the present invention the projectile is carried in a

High velocity, conventional, eased ammunition pur- projectile carrier which is separated from the projectile
chases performance at the expense of increased propel- prior to firing. The projectile is a low drag conical pro-
lant charge and a larger cartridge case. 25 jectile. It has the shape of a reentry body with a narrow

The high peak temperatures of solid propellants also angle cone and is aerodynamically stabilized.
can cause problems of barrel erosion. This has limited The carrier contains a percussion igniter which al-

I l the velocity obtainable with solid propellants in small lows the use of existing ignition techniques applicable
" bore weapons. to any of the current liquid propellant systems.

Caseless solid propellant systems have been investi- 30 The carrier can be reengaged with the projectile to
gated in an attempt to eliminate the weight of the case. remove the projectile in the event of misfire.
The caseless solid propellant systems have not avoided The projectile carrier is also a key element in trans-

i the problem of high propellant peak temperatures porting the projectile through the larger than boure di-
which. heating the barrel. limited the projectile velocity ameter chamber (chambrage) which is necessary in a
that can be obtained. 5 high pcrformance gun.

Liquid prcpellant weapons have a characteristic low The weapon of the present invention includes a nag-
'. , peak temperature. Substantial investigation has been azine which has a pumping mechanism integral with the

made of the use of liquid propellants for automatic magazine. The pumping mechanism is operated by the
weapons. However, most of the prior liquid propellant action of the reciprocating bolt of the weapon. A pro-
weapon work completcd to date has involved equip- 40 pellant supply valve and high pressure seals on the
ment of a bore-sire larger than caliber 0.60. Prior work valve are an integral part of the mgazinc. The incorpo-
with large bore liquid propellant weapons has been di- ration of the high pressure seals as an integra! part of

I rected to a projectile loading concept based on a bore- the magazine, and the manner in which the magazine
size chamber in which a caseless projectile is loaded and the high pressure valve are associated with the rest
into the breech and is rubsequently'pumped into the of the weapon have several advantages. The high pres-

. forcing cone by the propellant charge which then com- sure valve element and seals have to operate only for
pletely fills the combustion chamber. While facilitating the life of the magazine. The valve element ad seals
the projectile loading process, this geometry results in are discarded with the empty magazine. A new high
two problems. It becomes extremely difficult to re- pressure inlet valve element and new high pressure
trieve the projectile in the event of a misfire, since no seals are provided each time the magazine is replaced.
connection is available to the projectile, nor is there a Other and further objects of the present invention

. convenient means of effecting an attachment once the will be apparent from the following description and
projectile is in place. claims and are illustrated in the accompanying draw-

An equally important consideration is that of per- 35 ings which, by way of illustration, show preferred em-
- formance limitations. In weapons requiring high muzzle bodiments of the present invention and the principles

velocity and hence large propellant-to-projectile mass thereof and what are now considered to be the best
ratio the length to diameter ratio of the combustion nodes centemplated for applying these principles.

! char. t :t becomes excessive for acceptable interior bal- Other embodiments of the invention embodying the
. listics. The bore-size chamber approach, therefore, has same or equivalent principles may be used and stmc-60

" . been considered to be limited to velocities of approxi- tural changes may be made as desired by those skilled
S "I mately 4,000 feet per second or less. in the art without departing from the present invention

SUMMARY OF THE INVENTION and the purview of the appended claims.

4 The small bore liquid propellant weapon of the pres- 65 BRIEF DESCRIPTION OF THE DRAWINGS
ent invention has a combustion chamber diameter FIG. I is a side elevation view of a small bore liquid
which is much larger than the bore of the barrel of the propellant weapon constructed in accordance with one
weapon. embodiment of the present invention;

-. - - - - - - - - - - - - - - - - - - - - - - - -
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FIG. 2 is a side elevation view in crom. scction of a The reccivcr assembly will be described with refer-
projectile-carrier asscmhly constructed in accordance encc to FIGS. 9 and 10 for one embodiment of the
with one embodiment of the present invention; present invention and with reference to FIGS. 18 and

FIG. 3 is an end elevation view taken along the line 19 with reference to acother embodiment of the pres-
and in the direction indicated by the arrows 3-3 in S ent invention.
FIG. 2; The magazine 47 will be described below with refer-

FIG. 4 is a side elevation view of the carrier alone; ence to FIGS. 7, 8, 9, 18, 22 and 23.
FIG. 5 is a side elevation view of the projectile alone; The magazine 47 supplies liquid propellant and pro-
FIG. 6 is an end elevation view taken along the line jectiles to the receiver assembly 45 of weapon 41. Each

and in the direction indicated by the arrows 6-6 in 10 of the projectiles is transported through the magazine
FIG. 5; and receiver assembly and into the firing chamber by

FIG. 7 is a side elevation view (partly broken away a carrier. The projectile is separated from the carrier
to show details of construction) of a magazine con- prior to firing.
structed in accordance with one embodiment of the A projectile-carier assembly constructed in accor-
present invention; 15 dance with one embodiment of the present invertion is

FIG. S is an end elevation view taken along the line illustrated generally by the reference numeral 49 in

*and in the direction indicated by the arrows 8-8 in FIG. 2. The projectile-carrier assembly 49 includes a
• FIG. 7; projectile 51 and a carrier 53.

FIG. 9 is a fragmentary, enlarged, side elevation, The projectile SI may have a reentry body configura-

cross-sectional view showing the magazine loaded in 20 tion (as illustrated) with a narrow angle cone. The re-

the weapon; entry body shane is aerodynamically stabilized and has
FIG. 10 is a top plan view taken generally along the a low drag coefficient as shcwn by the chart of FIG. 17.line and in the direction indicated by the arrows The projectile can also be a conventional spin stabi-a10-10 in FIG. 9; 2 lizel1 configuration.

FIGS. 11-15 are schematic side elevation views of The projectile 5 includes in bore stabilizing fins 5 5
the structure shown in FIG. 9 showing the position as- a projectile seal 57, propellant flow grooves 59 and re-sumed by the different elements of the structure during cesses or grooves 61 for attachment to the carrier $3.
a cycl e mifrng opemeton; thestrucThe seal 57 also serves to retain the projectile in the
a cycle of automatic firing operation;pbarrel after the projectile is loaded.
FIG. 16 is a graph showing the comparison of te - 30 The carrier 53 has a relatively short axial length so as

peratures in a barrel for so'!d propellants and for liquid to contribute little additional length to the overall
propellants; projectile-carer asem-ly. Ile carrier has a number

FIG. 17 is a graph showing the drag coefficient for pr arlendrngers Th caier has a n
different types of projectiles; of forwardly extending fingers or clips 63, and each fin-ger or clip 63 has a radially -:nwardly extending dimple

FIG. 18 is a fragmentary side elevation view in cross- 35 or projection 65 which seats in a groove 61 of the pro-

section, like FIG. 9, of a weapon constructed in accor- jectio

dance with another embodiment of the present inven- When the carrier projectile assembly is placed in the

tion. The embodiment shown in FIG, 1S incorporates bore, liquid propellant is pumped through the propel-
a re.'iprocating combustion chamber housing; lant flow groove 59 and between the back face 67 of

FIG. 19 is an end elevation view taken generally 40 the projectile and the inner face 69 of the carrier to
along the line and in the direction indicated by the ar- pump or force the carrier 53 backwards to the rear end
rows 19-19 in FIG. 18; of the firing chamber of the recc" -r assembly in a man-

FIG. 20 is a plan view showing the cam paths for ac- ner which will be described in del.- below with refer-
tuating the bolt of the embodiment shown in FIG. 18; ence to FIGS. !1-15. The resilient fingers 63 flex to

FIGS. 21 A through D are side elevation views of a 45 permit the dimple 65 to release from the groove 61 dur-
carrier incorporating a positive misfire extraction con- ing this separation operation.
struction; In the event of a misfire the carrier 53 can be moved

FIG. 22 is a side elevation of a magazine constructed forward and can be reconnected with the projectile S I
in accordance with another embodiment of the present to extract the projectile from the firing chamber in a-
invention; manner also to be described in greater detail below.

FIG. 23 is a fragmentary sectional view taken gener- The carrier S3 includes a carrier seal 71.
ally along the line and in the direction indicated by Ue The carrier also includes an alignment flat 73, best
arrows 23-23 in FIG. 22; and shown in FIG. 3. The alignment flat 73 coacts with a

FIG. 24 is a detail view of a strap transfer mechanism. 55 corresponding flat on the bolt to align the projectile-
THE PREFERRED carrier assembly in a manner to be described below.

DEC T ON OThe flat 73 maintains orientation of the carrier rels- -
tive to the projectile during the cycle. thus insuring that

A small bore liquid propellant weapon constructed in the dimples will properly reengage the projectile in the
accordance with one embodiment of the present inven- 63 event it must be removed from the bore in the event of
tion is indicated generally by the reference numeral 41 malfunction.
in FIG. I. The carrier 53 also includes = extraction lip 75. This

The weapon 41 is illustrated as a shoulder weapon. extraction lip 7S is engaged by a part on the bolt after -
The present invention could also be embodied in other the projectile hus been fired.
types of weapons, such as hand weapons or vehicle 63 The magazine 47 (as shown in FIGS. 7, , 9, 22 and
mounted weapons. 23) carr-s both the propellant and the projectile-

The "rincipal components of the weapon 41 are a carrier assemblies. The propellant supply is carried im
barrel 43,a :eceiver assembly 45 and a magazine 47. a flexible tank or reservor 79 within the magazine

ll6 ~ ' m ,n umd m ,.m k U =.~ .a. , . i .a.,. m m .. . .. . .
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housing. As best shown in FIGS. 22 and 23 the flexible 127 in the outer bolt and in the receiver assembly 45.
tank 79 may have accordion type pleating and can be A firing pin 129 is reciprocable within a bore 131 in
operated by a tape drive mechanism 181 actuated by the inner bolt 105 to ignite the propellant igniter 77 in
the bolt to lift the bottom of the tank 79 on each cycle the carrier.
of operation to pump propellant into the weapon. S A bolt lock 133, see FIG. 10, is pivoted about a pivot

The magazine shown in FIG. 7 includes expansion 135 and is spring biased towards the position illustrated
tanks 8 1 connected to the main ta,-k 79 by conduits 83. in FIG. 10 by a spring 137 to place the forward face of

As best shown in FIG. 9 the propellant supply part of the bolt lock in locking engagement with the rear face
the magazine includes a spring loaded valve element 85 139 of both the outer bolt 103 and the inner bolt 105.
which seats in a valve seat 87 when the matazine is not 10 A cam 139 moves forward and engages a correspond-
associated with the weapon. When the magazine is con- ing cam surface 141 on the bolt lock 133 to pivot the
nected to the weapon, downwardly extending tube 89, bolt lock against the force of the spring 137 to release

U I as shown in FIG. 9, pushes the valve element 85 down- the bolt at the end of thme firing cycle.
wardly to establish fluid communication through a slot The operation of the weapon thus far described is il-

91 in the sidewall of the tube 89. 15 lustrated in FIGS. 11-16 which illustrate respectively
The projectile-carrier assemblies are fed upwardly projectile transfer, projectile ramming, propellant load-

C through a pair of channels 93 and into a common chan- ing. combustion, and the carrier ejection.
nel 95 and then into the receiver assembly of the The automatic firing cycle is initiated with the bolt in
weapon by the same bolt actuated elevator mechanism the open position after the firing of a burst. This elimi-
used to lift the bottom wall of the propellant supply 20 nates cook-off of a round in the hot breech. Propellant
tank or reservoir 79. isolation is effected by supplying the propellant

A specific description of the lift mechanism for the through the bolL This allows insertion of a thermal bar-
magazine is set forth below with reference to FIGS. ticr between the barrel and receiver group, effectively
22-24. isolating the hot barrel from those components in di-

A strippable top 97 retains the projectiles in place 25 rect contact with liquid propellant.
until the magazine is loaded into the weapon. There is little likelihood of dynamic cook-off of pro-

A number of liquid propellants have been found sat- pellant during loading. Static cook-off, however, can be
isfactory for the weapon of the present invention. They a problem, as it is with caseless solid propellant ammu-
include but are not limited to mono propellants such as nition.
hydrazine nitrate composed of 35% NHNO3, 5% H,0 30 It is therefore an important feature of the present in-
and 60% N..H.; Monomethyl Hydrazine Nitrate 90%; vention that the propellant supply is isolated from those
Ethyl Propyl Nitrate 60/40; Otto Fuel Ii. hot surfaces which might effect ignition of a chambered

A metal partition in the magazine serves to positively round or ignition in the propellant supply.
C isolate the primers in the projectile-c-rrier assembly When released by the trigger operated sear, the bolt

from the propellant in the tank 79 to preclude inadver- 35 pcks up a carrier and projectile from the ciip and in-
tent ignition. A suitablc strap transfer mechanism can serts the assembly into the bolt bore. The bolt-operated
be as.ociated wih the e evator strap 10a, as shown in elevator mechanism of the magazine, described above,
FIG. 24. effecs this action by lifting the entire string of projec-

The receiver assembly 45, ab bhown in FIG. 9, has a tile-carrier assembly described above.
two-part bolt assembly. The boit assembly includes an 40 The flat 73 or. !he carrier extractor ram aligns the

outer bolt 103 and an inner bolt 105. carrier.
The outcr bo!t is reciprocal within a bore 107 in the The bolt is then driven forward, as illustrated in FIG.

receiver assembly 45 and barrel 43. 12, by the operating mechanism until the projectile 51
The inner bolt 105 i-. reciprocable within a bore 109 engages the bore opening of the weapon at the forward

in the outer bolt. 45 end of the combustion chamber 115.
The tube 89 connecting the propellant ;upply in the The propellant valve 113 is then opened, as illus-

magazine a!so connects a tube or condu~it I l l in the re- trated in FIG. 13. This allows propellant supply pres-
ceiver assembly through a propellant control valve 113. sure to 1) seat the projectile, 2) separate the projectile
The forward end of the tube I I slides within a bore carrier from the projectile within the bolt. and 3) fill
114 in the outer bolt in trombone fashion during the re- the combustion chamber 115 with propellant as the
ciprocation of the outer bot 103. bolt is moved rearward, as illustrated in FIG. 13, to its

A seal 110 seals between the tube I I I and the bore firing position.
113. During this phase of operation the propellant flows

The forward end of the conduit 116 connects to the 5b past the one-way ball check valve 117 and enters the
combustion chamber 115 through a spring biased one carrier through the opening between the fingers or clips
way ball check valve 117 in the forward face of the 63 in the carrier wall. The propellant flows through the

outer bolt 103. propellant flow grooves 59 in the projectile SI and acts
A seal 119 is carried at the forward end of the outer )n the rear face 67 of the projectile S I and the forward

bolt to seal against the wall 107 of the combustion 60 inne- face 69 of the carrier.
chamber 115. When the firing Lhamber 115 is filled, the bolt is

The forward end of the inner bolt 105 includes ex- locked in its rear positm by the lock 133 (See FIG.
tractor clip 121 which is resiliently biased by a spring 10).
i22. The forward ends of the resilient arms of the clip The firing pin 129 is released, and the firing pin

121 clip over the extraction lip 75 of the carrier to re- 65 strikes the percussion primer 77, igniting the liquid pro-
move the carrier from the bore 109 after firing. pellant charge in the combustion chamber I15.

An off center ejector pin 125 in the inner bolt (See After projectile exit. the bolt is opened, the spent
FIG. 15) kicks the carrier out through an ejection slot projectile carrier is ejected as illustrated in FIG. IS,
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and a subsequent cycle is initiated as long as the trigger Propellant passages in the receiver meclanism are
.. •is depressed. eliminated which simplifies the mechanism, eliminates

The weapon may also be operated in a semi- voids and eliminates propellant filled passages which
automatic mode if a burst has not been fired recently. could transmit flame from the combustion chamber to
In the semi-automatic mode the man firing the gun 5 the propellant supply in the magazine.
hand operates an operating handle to fill the firing As illustrated in FIG. 18 a combustion chamber hous-
chamber I IS with propellant and to position the parts ing 161 slides back and forth on the outer surface 163
in their relative positions as assumed at the end of pro- of the end of the barrel 43.
pel~ant loading as illustrated in FIG. 13. In this case the The housing 161 is shown in its rearward most posi-

weapon is in effect cocked and ready to fire when the 10 tion in FIG. 18 ready for firing. The combustion cham-
trigger is pulled and the firing pin is released to engage ber housing 161 and the bolt 105 are held in this posi-
the igniter 77 as illustrated in FIG. 14. The weapon can tion by a static or stationary lock 165. The lock 165
continue to operate in the semi-automatic mode as long abuts the back face of the housing 161. The lock 165
as the chamber 115 does not become hot enough to includes an inner recess 167 hwich engages a radially
allow static cook-off. 15 projecting tang 169 of the bolt. The tank 169 is rotated

A thermostatic element can be included in the into locking engagement with the recessed surface 167
- weapon to override semi-automatic operation when the of the lock.

chamber housing is too hot to allow semi-automatic A seal 171 at the forward end of the housing 161

operation from a filled chamber, seals between the housing 161 and the barrel surface

As illustrated in FIG. 17 the drag coefficient for the 20 163.
reentry body proiectile is quite low, especially in com- Liquid propellant is admitted to the combustion
parisen to projectiles having configurations which are chamber 151 through a port 173 in the housing 161.

* presently being used. The small bore liquid propellant A valve element 175 controls the admissioi of liquid

gun of the present invention permits the use of this re- propellant through the port 173. The valve element
entry body configuration by providing the requisite2515i eprcb wtnaboe77nthhusg

ri t r s 161, and a vent 179 vents the forward end of the bore
- high velocity for aerodynamic stabilization. The 17

weapon of the present invention can produce high ye- .below a strap mechanism 181
locity (as a practical matter) because the liquid propel- is operated by movement of the bolt to lift a toothed
lant combustion does not heat the barrel as much as 30 strap 101 to elevate the Dottom wall of the propellant
solid propellant combustion. The cooler burning char- tank 79 and the bottom wall of the clip for the projec-
acteristics of the liquid propellant are graphically illus- tiles on each cycle of operation.
trated in FIG. 16. This figi. -hows the envelope of FIGS. 22 and 23 illustrate schematically operation of
peak bore surface temperatures during eight round the strap transfer mechanism 181. Two straps 101 are
bursts of liquid and solid propellant ammunition. 35 provided, one to raise tne projectiles and the other to

A weapon constructed in accordance with another compress the propellant supply bellows.
embodiment of the invention is illustrated in FIGS. 1 8, The strap transfer drive tang 184 engages a slot in the
19 and 20. bolt which causes reciprocation of drive tang 184. Dur-

The weapon shown in FIGS. 18 and 19 embodies two ing rearward motion of the tang its teeth engage corre-
important features. 40 sponding teeth on plastic strao 101 causing it to be

A reciprocating combustion chamber housing slides transported to the rear and at the same time rotating
over the rear end of the barrel and replaces the conven- take up reel 188. When the bolt moves forward, hold-
tional bolt mechanism. ing clutch 186 prevents relaxation of the tension on

The magazine is a completely self-contained maga- strap 101. Excess tension in the strap is prevented by
zine which incorporates a propellantpump, a chamber 45 slipping action between the drive teeth of tang 134 and
high pressure inlet valie and a clip of projectile-carier strap 101 which is controlled by the spring load on-
assemblies, holding clutch 186.

When the reciprocable combustion chamber housing FiG. 19 illustrates the manner in which the projec-

of the embodiment of the weapon shown in FIG. 18 is tile-carrier assemblies are fed into position in the front
fully forward, the combustion chamber is complete!y 50 of the bolt.
eliminated. As the housing moves to the rear, the com- A pair of resilient clips at the upper end of the pas-
bustion cavity is formed in a manner which eliminates sage 9S holds the uppermost projectile in position until
ullage. the forward movement of the bolt pushes the projectile

This embodiment of the present invention achieves a carrier into the combustion chamber.
low length to diameter ratio for the combustion cham- 55 A tang or cam follower 183 on the bolt engages a
ber. This minimizes receiver length and improves groove or cam path 185 to control rotation of the bolt
chamber wall cooling due to the liquid annulus remain- during reciprocating movement as illustrated in FIG.
ing at the time of initiation. 20.

This reciprocating housing construction permits the As noted above, the flow of prope:llant to the com-
use of a static lock for th! combustion chamber. 60 bustion chamber S1 is under the control of a valve ele-

Combustion loads are not carried through a receiver ment 175. This valve element 175 is a part of a pump-
but are carried through the static members linking the ing assembly which is itidicated generally by the refer-
barrel to the chamber. ence numeral 191 and which is an integral part of the

It provides convenient means oi thermal isolation for 63 magazine 47.
the chamber. The pumping assembly 191 includes three operating

It permits ready increase of velocity level by using a elen ents. These elements are a reciprocable outer

longer charnbe ° and stroke. housing 193, a piston 195 and the valve element 17S.
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The piston 195 slides within a bore 197 within the time the pumping cycle is initiated as described above.
outer housing 193, and is connected to a piston rod 199 FIGS. 21A-D show another embodiment of a projec.
which extends outwardly through a sealed opening in tile-carrier assembly incorporating a coacting tang and
the rearward end of the outer housing 193. slot construction for positive extraction in the event of

The valve element 175 is connected to a rod 201 5 misfire. The propellant-flow ports and grooves are
which extends through a seal in the pirton 195 and omitted in FIGS. 21A-D for clarity of illustration but
which is reciprocable within a bore 203 in the rod 199. are the same as in the embodiment shown in FIGS. 2-5.

The outer housing 193, the rod 199 and the rod 201 As best shown in FIG. 21B. the carrier has a tang 70
each have an upwardly extending lip which is releas- the end of a finger 63.
ably engaged by an operating element 205, 207 and 10 As best shown in FIG. 21D the projectile has a slot
209 respectively of the weapon. 60 with a recess 62.

The rear face of the valve element 175 has a seal ele- In normal operation the tang 70 does not engage theii ment 211 which engages a forward annular face of the recess 62. The sprirg action of the fingers 63 hold the
outer housing 193 in sealing relationship in the position projectile in place during loading.
illustrated in FIG. 18. 15 If there is a misfire, the normal counterclockwise ro-

The valve element 175 also includes sealing members tation of the bolt causes the tang 70 to be engaged in
i |213 and 215. These sealing elements are high pressure the recess 62 when the carrier is reconnected to the un-

r seals which prevent any flow out the combustion chain- fired projectile.
ber 151 during combustion. The tang 70 is never engaged in the recess 62 except

"!Propellant is drawn into the chamber formed in the 20 in the event of a misfire. The normal loading and lock-
bore 197 in front of the piston i5. during one phase ing movement of the bolt is clockwise.
of operation of the weapon, through a conduit 217 in As the bolt is moved forward, the outer housing 193
the outer housing 193 and past a spring biased one-way of the pumping assembly 191 is also moved forward
ball check valve 219. The conduit 217 has an exten:ion with the valve element 175. This permits propellant to
217A whicl- compensates for reciprocation of the con- 25 flow through the passage 217 and pass the check valve
duit 217 within the reservoir 79 to prevent an unequal 219 into a chamber which is formed between the front
displacerent of volume during reciprocation. face of the piston 195 and the rear inner face of the for-

As in the embodiment of the invention described ward part of the valve of the outer housing 193.
with reference to FIGS. 9-15, the embodiment illus- The forward movement of the outer housing 193 and
trated in FIGS. 18 and 19 can operate in two modes - 30 the valve element 175 is then discontinued while the
the automatic mode for firing bursts and semi- forward movement of the valve element 175 is contin-
automatic mode. ued. The valve element 175 jogs for-vard enough to un-

The automatic mode is started with the bolt 195 fully cover the port 173. Propeilant can then flow from the
K retracted behind the projectile assembly. The recipro- chamber in front of the piston 195 through the bore

cating combustion chamber housing 161 is fully rear- 35 231 in the center part of the forward end of the outer
ward with the rear face 166 in abutment with the lock housing 193 and thraugh the port 173 and into the
165. combustion chamber 151.

At this roint the strap 161 has operated to lift the The outer housing 193 is then moved to the rear by
bottom of .e: magazine to position a projectile-carrier the actuating mechanism 205 while the piston 195 is
assembly in front of the bolt. 40 held stationary. This pumps the propellant into the

The bolt 105 is then moved forward. This transfers combustion chamber 151. This in turn moves the recip-
the projcctile-carrier assembly forward until the pro- rocating combustion chamber housing 161 to the rear
jectile 51 is sca:cd in the barrel and the elastomcr seal and scparates the carrier 53 from the projectile 51.
57 engages the inside of the barrcl to form a liquid seal. When the rearward movement of the pump outer

* Locking and unlocking of the bolk is controlled by 4 housing 193 and the combustien chamber housing 161
the action of the cam path 1S on the bolt cam follower has been completed, and the housing 161 is in abut-
183. Forward and backward movement of the cam ment with the stationary lock 165, actuating element
slide 160 is controlled by the gas piston push rod 162. 209 then pulls valve element 175 rearward to the posi-
This camming action rotates the bolt prior to forward tion illustrated in FIG. 18 in which the high pressure
or backward movement of the bolt assembly. A manual seals 213 and 21S seal off any fluid flow through the
override 164 is provided to permit hand operatior of port 173.
the bolt in event of misfire. The bolt 10S is moved to the rear with the rearward

In a typical firing cycle the ga, piston push rod 162 movement of the housing 161.
is driven to the rear by coin bustio,i gasses as the projec- 5 At this point the weapon is ready for firing, and firing
tile passes by a gas port near the muzzle. Rearward mo- is accomplished by the hammer stinking the firing pin
tion of the push rod 162 and cam slide 160 rotate the 12) to force the forward end of the firing pin into en-
bolt cam fol!ower 183 counterclockwise (viewed from gagement with the back face of the carrier 53 to ignite
the rear) to disengale the bolt tang 169 from the bolt the igniter 77.
lock inner recess 167 allowing the bolt to move to the 60 A conventional gas operated linkage connected to
rear, extracting and ejecting the spent projectile car- the bolt gives the bolt . ack t3 the rear when the pro-
riot. At its rearmost position the bolt picks up a new jectile passes the gas operator.

6 proje:tile and carrier assembly and during fcrward mo- An offcenter ejector pin in the bolt, like the pin 12S

tion loadx this assembly into the combustion chamber shown in FIG. 15 wambles the spent carrier out through
housing. Continued forward motion of the cam slide 65 an ejection slat.
160 rotates the bolt clockwise and carries the combus- In the event of a misfire the valve element 17S is

": lion chamber housing 161 forward until barrel surface moved forward to uncan, the port 1"73. and a manu-44 is in abutment with housing surface 160 at which ally actuated misfire mechanism pushes Oe housing
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161 forward to pump out the propellant from the corn- the projectile as the faces of the combustion chamber
bustion chamber 151. are rengaged in line contact, and then extracting the

The bolt 105 is rotated withi respect to the carrier 58 projectile-carrier assembly from the gun.
to engage the extraction clips of the bolt in the slot of 3. A methed as defined in claim I including locating
the carrier to produce a positive grip between the bolt 5 the mechanism for pumping the liquid prepellant into
and the carrier. The bolt is then pulled back to extract the firing chamber in structure associated with the rear
the carrier and the projectile 51, and the entire reen- face of the firing chamber and maintaining the mecha-
gaged carrier and projectile assembly is ejected nism for pumping the liquid propellant spaced from the
through the ejection slot at the end of rearward move- firing chamber housing and from the barrel of the gun
ment of the bolL 10 after the firing chamber housing and the barrel have

In the semi-automatic mode the parts are manually been heated to high temperatures by the firing of a
actuated for the first shot to the relative positions illus- burst to thereby provide thermal isolation of the pro-
trated in FIG. 18 so that the weapon is ready to fire pellant from the hot barrel and the housing.
when the trigger is pulled. 4. A method as defined in claim 1 wherein the rear

As described above, with reference to the first em- 15 face of the combustion chamber is part of a reciprocat-
bodiment of this invention, a thermostatic element can ing combustion chamber housing.

C be provided to override the semi-automatic operating S. A method as defined in claim 1 wherein the rear
mechanism when the chamber housing is too hot to face of the combustion chamber is a part of the bolt as-
allow semi-automatic operation f:..-m a filled chamber. sembly.STo remove ti.c magazine 47 from the weapon illus- 20 6. A liquid propellant gun of the kind in which a pro-
trated in FIG. 18, a clip release is actuated to move the jectile is loaded in the gun and liquid propellant is
outer housing 193, the piston 195 and the vaive ele- pumped into the combustion chamber behind the pro-
ment 175 to the rear and -) release the magazine hut.s- jectile and is ignited to fire the projictile from the gun,
ing from the receiver 45. said gun comprising a combustion chamber having a

It is an important feature of the embodiment of the 25 front face nd a rear face
present invention shown in FIG. 18 that propellant pas- said front face having an opening for the projectile.
sages in the receiver mechanism are eliminated. The said rear face being shaped complementary to the
only free volume is the connection from the combus- fronte face eng she otp in line contact
tion chamber 151 to the bore 177 through the rela-
tively small port 173. 30 across the full surface of the front face except for

the area of said opening,
The high pressure seals 213 and 215 are replaed mvn aea of s oingeach time a new magazine is used. moving means for moving one face relative to the

eachtim a ew agazne s ued.other face into said line contact with the other face
The flat seal 211 provides positive propellant isola- ote fac into ne cnat with the other

lion, and there is always an atmospheric vent after the
high pressure seal 215 and before getting to the propel- 35 face and into firing position,

lant in the reservoir 79. proJectile loading means coordinated with said mov-
While we have ilustrated and described the pre- ing means for loading a projectile in the opening in

ferred embodiments of our invention, it is to be under- the front face while the rear face is engnged in said
stood that these are capable of variation and modifica- line contact with the front face across said full sur-
tion, and we therefore do not wish to be limited to the 40 face of the front face,

precise details set forth, but desire to avail ourselves of pumping means for pumping a liquid propellant into

such changes and altcrat.ons as fall within the purview the combustin chamber,
of the following claims, and propellant control valve means effective to admit

Wthe pumped liquid propellant into the combustionWe claim: I
1. A methei of loading liquid propejlant into a firing 45 chamber at the start of movement of the one face

I chamber of a liquid propellant gun to avoid ullage away from the other face and to continue to admit
problems comprising placing the forward face of a fir- said liquid propelant continuously and in coordi-
ing chamber in line contact with the rear face of the fir- nat;on with the movement of the other face by said
ing chamber, loading a projectile carrier assembly in moing means to said firing position to thereby fill
firing position :n the bore of the gun while the front and the entire chamber volume with liquid propellant
rear faces of the firing el amber are maintained in line simultaneously with the formation of the chamber
contact, then pumping liquid propellant into tle fir.ng and prevent ullage in the combustion chamber.
chamber to-displace the rear face of the firing chamber 7. A gun w; defined in claim 6 wherein the projectile
axially with respect to the froat face of the firing chain- 55 has an elastomer seal and projectile holder extending
ber. separating the carrier from the projectile as Iquid c;rcumferentially around the projectile and engageable
propellart is pumped into the firing chamber, rela.ning in fluid sealing and projecule retaining relationship
he projectile in the forward face of the firing chamber with the opening in the front face of the combustion

and reta;-ing the carrier in the rear face of the firing chamber.
chamber as these two faces are axially separated, and 6 . A gun as defined in claim 6 wherein the diameter60
then igniting the liquid propel.int in the firing chamber of the combustion chamber is considerably larger than
to fire the projectile out the barrel r.." the gun. the diameter of the projectile to provide large propel-

* 2. A method as defined in claim '. including pumping 'ant-to-projectile mass ratios for high mua-zie velocities
j the liquid propellant out of the firing chzmber in the and small combustion chamber length-to-diameter ra-

event of a misfire, moving the rear face of the combus- 65 tios for acceptable interior ballistics.
tion chamber into line contact with the front face of the 9. A gun as defined in claim 6 including a magazine
combustion chamber as the liquid propellant is pumped containing a clip of projectile-carrier assemblies and a
out of the firing chamber, reconnecting the carrier to tank of liquid propellant, and wherein the pumping

I !Irllilli lmI~a .. . . .. .
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means include a movable piston and high presure seals engaged in said line contact with the front face. and
in the magazine structure, pumping means for pump;ng a liquid propellant into

10. A liquid propellant gun of the kind in which a the combustion chamber as the combustion chain-
projectile is loaded in the gun and liquid propeliant is ber is formed by movement of the faces apart from
pumped into the combustion chamber behind the pro- s each other to fill the entire chamber volume with
jectile and is ignited to fire the projectile from the gun, liquid propellant simultaneously with the formation

said gun comprising, a combustion chamber having of the chamber whereby ullage in the combustion
a forward face and a rear face, chamber is avoided and wherein the front face of

said front face having an opening for the projectile, the combustion chamber is formed on the end of
moving means for moving the rear face forward into t0 the barrel of the gun, said gun includes a recipro-

line contact with the front face and for moving the cating combustion chamber housing, the housing
rear face backward away from the front face and includes a forwardly extending portion having one
into firing position, inside surface slidable on and sealingly engaged

projectile loading means for loading a projectile in with the outside surface of the barrel, and another
the opening in the front face while the rear face is 15 inside surface of the housing forms said rear face
engaged in line contact with the front face, of the combustion chamber.

pumping means for pumping a liquid propellant into 16. A liquid propellant gun of the kind in which a
the combustion chamber as the combustion chain- projectile is loaded in the gun and liquid propellant is
ber is formed by rearward movemerit of the rear pumped into the combustion chamber behind the pro-
face whereby ullage in the combusticn chamber is 20 jectile and is ignited to fire the projectile from the gun,
avoided, and wherein the projectile lodin,; means said gun comprising a combustion chamber having a
include a projectile-carrier a emb'y having a car- front face and a rear face,
tier detaciably connected to the ,:rojectile for said front face having an opening for the projectile,
transporting the projectile and when cin the rear said rear face being shaped complementary to the
face of the combustion chamber ha; ar. opening 25 front face to engage the front face in line contact
and the carrier is engaged in fluid st.-ing contact across the full surface of the front face except for
in said rear face opening and is discoi, .ected from the area of said opening,
the projectile as liquid propellant is pumped into moving means for moving one face relative to the
the combustion chamber during rearward move- other face into said line contact with the other face
ment of the rear face. 30 and for moving the one face away from the other

11. A gun as defined in claim 10 wherein the carrier face and into firing position.
and projectile have coacting ports and grooves in the projectile loading means for loading a projectile in
sides of the carrier and projectile for permitting liquid the opening in the front face while the rear face is

K propellant to enter between the back face of the pro- engaged in said line contact with the front face, and
jectile and a forward inner face of the carrier to sepa- 3 pumping means for pumping a liquid propellant into
rate the carrier from projectile. the combustion chamber as the combustion cham-

12. A gun as defined in claim !0 wherein the carrier ber is formed by movement of the faces apart from
has a percussive igniter for igniting the liquid propel- each other to fill the entire chamber volume with
lant. liquid propellant simultaneously with the formation

13. A gun as defined in claim 10 wherein the carrier 40 of the chamber whereby ullage in the combustion
has a rear carrier rim and a flat formed on the carrier chamber is avoided and including a bolt assembly
rim for oriunting the projectile and carrier assembly and wherein the rear face is a part of the bolt as-
with respect to other operating mechanism of the gun. sembly and said bolt assembly includes a passage-

14. A gun as defined in claim 13 wherein the projec- way extending through said rear face and intercon-
tile and carrier have coacting positive locking means - necting the pumping means and the chamber.
which can be engaged to extract the projectile-carrier 17. A liquid propellant gun of the kind in which a
assembly in the event of a misfire and wherein .he flat projectile is loaded in the gun and liquid propellant is
on the carrier rim permits rotation of the carrier rela- pumped into the combustion chamber behind the pro-
tive to the projectile to actuate the positive locking ~jectile and is ignited to fire the projectile from the gun.meas. so psaid gun comprising, a combustion chamber having1$. A liquid propellant gun of the kind in which a a forward face and a rear face,

projectile is loaded in the gun and liquid propellant is said front face having an opening for the projectile,
pumped into the combustion chamber b.hind the pro- moving means for moving the rear face forward into
jectile and is ignited to fire the projectile from the gun, 5 line contact with the front face and for moving the

said gun comprising a combustion chamber having a rear face backward away from the front face and
front face and a rear face, into firing position,

* said front face having an opening for the projectile, projectile loading meam for loading a projectile ian
said rear face being shaped complementary to the the opening in the fhont face while the rear face is

front face to engage the front face in Line contact engaged in line contact with the front face,
across the full surface of the front face except for pumping means for pumping a liquid propellait into
the area of saie opening, the combustion chamber as the combustion cham-

bmoving means for moving one face relative to the bet is formed by narward movenwt of the rear
other face into said line contact with the other face face whereby ullage in the combustion chamber is
and for moving the one face away from the other 6 avoided.

* face and into firing position, a magazine containing a clip of projectile-carrier as-
projectile loading means for loading a projectile in semblies, a tank of liquid propellant, and the pump-

the opening in the front face while the rear face is ing means.

p
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a rearwardly extending part of the barrel assembly lagc problems in the loading of liquid propellant in the ,
which includes the front face of the combustion firing chamber, said gun comprising, actuator means-
chamber, a reciprocating combustion chamber for placing the forward face of a firing chamber in line
housing which includes the rear face of the corn- contact with the rear face of the firing chamber, load-
bustion chamber, said housing having a forwardly 5 ing means for loading a projectile carrier assembly in -

extending part which has an inner surface slidable firing position in the bore of the gun while the front and-
on and scalingly engaged with an outer surface of rear faces of the firing chamber are maintained in line
the rearwardly extending part of the barrel, port contact, pumping means for pumping liquid propellant

means in the housing, and a valve element of the into the firing chamber to displace one face of the firing
-,pumping means of the magazine associated with to

the port means of tie housing to control the flow chamber axially with respect to ,,e other face ofthe fir-
of liquid propellant from the magazine to the corn- ing chamber, separating means for separating the car-

bustion chamber through the port means of the rier from the projectile as liquid propellant is pumped

housing. into the firing chamber, retaining means for retaining

18. A gun as defined in claim 17 wherein the valve 15 the projectile in the forward face cf the firing chamber
element aas high pressure seals on the valve element and for retaining the carrier in the rear face of the firing

A for preve.nting loss of fluid pressure out of the combus- chamber as these two faces are axially separated, and
tion cnamber during fi,-ing whereby the high presisure igniter means for igniting the liquid propellant in the

r seals are replaced each time a new magazine is con- firing chamber to fire the projectile out the barrel of
nected to the gun. 20 the gun.

19. A liquid propellant gun constructed to avoid ul- a * *
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Elmore et A [451 Nov. 4, 1975

[54) LIQUID PROPELLANT WEAPON Primary Examiner-Samuel Feinberg

1751 Inventors: Lester C. Elmore, Portola Valley, Assistant Eaminer-H. J. TudorU Thonms M. BIoxdOlD, P Alto, Attorney, Agent, or Firm-Owen, Wickersham &
both of Calif. Erickson

(731 Ass;gnee: Pulsepoier Systems, Incorpoated,
San Carlos, Calif. f571 ABSTRACT

1221 Filed: Oct. 23, 1973 A small bore liquid propellant weapon fires projectiles
transported to the firing chamber in a projectile car-

[211 AppL. No.: 408,571 rier. The projectile carrier is separated from the pro-
Related U. Applbatiom Data jectile just prior to firing the projectile. The projectile

carrier can be reconnecteJ with the projectile to ex-
(621 Division of Se6. No 179,759, Sept. 13. 1971. Pat. tract the projectile from the weapon in the event of a

No. 3,803,9"5. mis.re.

(521 U.S. Cl .................. 102138; 102/43 R 102/92.1 The small bore liquid propellant weapon has a

1511 Int. CL .............................................. Y42b 5/02 reciprocating combustion chamber housing. The

- (581 Field of Search .......... 102138, 40, 88, 93, 92.4, reciprocating combustion chamber housing forms a

102192.6, 92.7, 45, 43; 89/7 large diaretcr combustion chamber without ullage
and eliminates a lock.

[561 References Cited The sma'l bore liquid propellant weapon includes an

UNTIED STATES PATENTS integral mai.ine which has its own pump for the

32.SS6 SiISGI Da,!g;cn ............................. 102103 liquid propellant. The magaine also has a valve

123,828 211972 Jones ............................... 102193 element with high pressure seals that operate only for

2.892.408 6i1959 Simpson... .................. 10238 the life of the magazine and that are discarded with

2,922.341 1/1960 Treat.Jr ........... 87/7 the empty magazine.
3.477.374 11/1969 B. 102/45 8 Claims, 27 Drawing Figures
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An of ceter jectr i l I12

An off center ejector -in in the bolt, like the pin 125 such changes and alterations as fall within the purview
shown in FIG. 15 tuMrnles the spent carrier out through of the following claims.
an ejection slot. We claim:

In the event of a misfire the valve element 175 is 1. A projectile-carrier assembly for a liquid propel-
moved forward to uncover the port 173, and a manu- lant gun comprising.
ally actuated misfire mechanism oushes he housing a projectile having a sidewall,
161 fonard to pump oct the propellant from the com- piopellant flow passage means in a sidewall of the
bustion chamber 151. projectile at the reear end of the projectile,

The bolt 105 is rotated with respect to the carrier 58 a carrier having a sidewall,
to engage the extraction clips of the bolt in the lot of 10 said carrier having an open ended front part for re-
the carrier to produce a positive grip between the bolt ceiving the rear end of the projectile.
and the carrier. The bolt is then pulled back to extract connecting means on the carrier engageable with the
the carrier and the projectile 51, and the entire reen- projectile to connect the carrier and projectile so
gaged carrier and projectile assembly is ejected the projectile can be transported by the carrier,
through the ejection slot at the end of rearward move- 15 and opening means in the sidewall of the carrier asso-
ment of the bolt. ciated with the passage means in the prcjectile for

in the semi-automati mode the parts ,'re manually permitting the flow of liquid propellant through the
actuated for the first shot to the relative positions illus- opening means and passage means and between theproectle ndthe carrier to disconnect the con-
trated in FIG. 18 - that the weapn is ready to fire projectile and to separate the carrier from the
when the trigger is pulled. ting

As described above, with reference to the first em- projectile after the projectile has been placed in fir-

bodiment of this invention, a thermostatic element can ing position in the gun.
bo prov ided to override the semi-automatic operating 2. A rirojectile-carrier assembly as defined in claim 1mechanovisme thver.e her hoing z i toperating wherein the connecting means include resilient clips onmechanism when the chamber housing is too hot to 25 the carri. r and reccascs on the projectile for receiving
allow semi-automatic operation from a filled chamber the cips.
To remo~e the magazine 47 from the weapon iilus- 3. A projectile-carrier assembly as defined in claim Itrated in FIG. 18. a clip release is actuated to move the including a flat on the carrier for aligning the carrier

outer housing 193, the piston 195 and the valve ele- and projectile with tne bolt of the gun.
ment 175 to the rear and to release the magazine hous- 30 4. A projectile-carrier assembly as deftned in claim I
ing from the receiver 45. including a radially extending lip at the radial end of

It is an important feature of the embodiment of the the carrier which can be engaged by a cl~p on the bolt
present in% ention shown in FIG. 18 that propellant pas- to extract the carrier from the gin.
sages in the receiver mechanism are eliminated. The 5. A projectile-carrier assembly as defined in claim I
only free volume is the connection from the combus- 35 including an elastomer seal extending circuinferentially
tion chamber 151 to the bo:e 177 through the rela- around the projectile for forming a fluid-type seal wi.h
tively small port 17.3. thc bore of a gun when the pojectile is placed in firing

The high pressure seals 213 and 215 are replaced position in the gun.
each time a new magaziiie is used. 6. A projectile-carrier assembly as defined in claim I

The Pat seal 211 pro ides positive propellant iscla- 40 including an elastomcr scal extending circumferentially
tion. and there is always an atmospheric vent after the awound the carrier for forming a fluid-tight seal with the
high pressure seal 215 and before getting to the propel- rear end of the firing chamber of the gun.
lant in the reservoir 79. 7. A projectile-carrier assembly as defined in claim 1

While %c have illustrated and described the pre- including a percussive igniter in the carrier.
ferred cmb-diments of our invention, it is to be under- 45 H4. A projectile-carier assembly as dcfir.ed in claim 1
stood that these are cap-hle cf variation and modifica- wherein the projectile has a reentry body configuration
tion, and u e therefire do not wish to be liniited to the and which is an aerodynamically stabilized shape.
precise detai!s set forth. but desire to avail ourselves of * * * * *
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United States Patent [19] [II] 4,161,904
Groen et al. [45] Jul. 24, 1979

[54] LIQUID PROPELLANT MODULAR GUN the bolt while the bolt is driven forward to load and fire
INCORPORATING HYDRAULIC and backward to accept another projectile.

SPRESSURIZATION OF THE CASE The gun incorporates a control cam driven at the gun

0 [75] Inventors: William Groen, San Jose; Lester C. firing rate and effective to unlock the bolt after firing of
Elmore, Portola Valley, both of a projectile so that the bolt can be returned to its rear-
Calif. ward position under the control of the main cam.

[731 Assignee: Pulsepower Systems, Incorporated, The main cam acts to time all the remaining mecha-
San Carlos, Calif. nisms of the gun to the bolt motion.

[21] Appl. No.: 803,442 The accelerating force for the bolt is provided by hy-

[22] Filed: Jun. 6, 1977 draulic pressure applied directly to the bolt area.
Energy stored in the bolt from the force of the acceler-

[51] Int. CI.2 ................................................ F41F 1/04 ating hydraulic pressure is converted into rotary energy
[52] U.S. CL .............................................. 89/7; 89/11 and is stored in the main cam and other rotating devices
[58] Field of Search ..................... 89/7, 9, 11, 12, 172, geared to the main cam.

89/185
The stored rotary energy in the main cam is used in

__ [56] References Cited combination with residual gas pressure remaining in the

U.S. PATENT DOCUMENTS gun barrel for a part of the bolt return stroke to acceler-

3,800,657 4/1974 Broxholm ct al .......................... 89/7 ate the bolt rearward.
4,062,266 12/1977 Elmore et al .............................. 89/7 Energy losses, including those caused by hydraulic

Primary Examiner-David H. Brown pressure drop, friction and windage, are made up by a
Attorney. Agent, or Firm-Donald C. Feix pumping system receiving its energy from the gas pres-

sure added to the gun as a part of the firing of each
[57] ABSTRACT projectile.

A liquid propellant modular gun has a main cam which
is driven at a multiple of the gun firing rate and which
has internal cam surfaces operatively associated with 32 Claims, 9 Drawing Figures
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1 4,161,904 2
chronization of the bolt movement with other gun

LIQUID PROPELLANT MODULAR GUN mechanisms.
INCORPORATING HYDRAULIC The power required to accelerate and to drive the

PRESSURIZATION OF THE CASE bolt and projectile forward into the gun barrel is quite
5 high during automatic operation of the gun. To obtain

CROSS REFERENCES TO RELATED this high peak power efficiently the present invention
APPLICATIONS applies hydraulic pressure directly to the bolt area.

This invention relates to a liquid propellant gun of the When the bolt is unlocked, this hydraulic pressure
is dinvletin relate to S a t liquid os.llant gundrives the bolt and projectile forward so that the main

kind disclosed in issued U.S. Pat. Nos. 3,800,657;
3.915,057; 3,949,642; 3,919,922; and 3,998,129 to Brox- 10 cam, during this part of the cycle of operation, does not3,1,5;39962 ,1,2;ad39819t rx provide the accelerating force for the bolt and projec-
holm et al. and pending U.S. patent application Ser. No. tile.
616,822 filed Sept. 25, 1975 by Elmore et al and now The bolt must be slowed to a low velocity at the end
U.S. Pat. No. 4,062,266 (all assigned to the same as- of the forward stroke, and the main cam is used to pro-
signee as the assignee of this application). IU vide this slowing of the bolt during the last half of its

BACKGROUND OF THE INVENTION stroke. This result is obtained by increasing the cam
groove angle so that the energy stored in the bolt from

This invention relates to a modular liquid propellant the accelerating hydraulic pressure is transferred
gun of the kind in which liquid propellant is burned in a through the bolt follower to the main cam and is con-
combustion chamber to fire a projectile from the gun. 20 verted into rotary energy which is stored in the main

The liquid propellant guns disclosed in the five issued cam and all the other rotating devices geared to the
U.S. Patents and peading U.S. patent application re- main cam.
ferred to above are representative of the prior art, and The firing rate of the gun is dependent upon the aver-
the present invention relates to certain improvements in age peed of the a n a andentro ca er

age speed of the main cam and the control cam geared
a liquid propellant gun of this general kind. 25 to it. In one particular embodiment of the present inven-

SUMMARY OF THE INVENTION tion, the main cam operates initially at 3,000 rpm and
the control cam operates initially at 600 rpm to provide

The liquid propellant gun of the present invention -s a firing rate of 1,000 rounds per minute.
a hydraulically operated, externally-driven gun con- The hydraulic pressure used to drive the bolt forward
structed in modular form. A main cam serves to time all 30 not only smooths cyclic peak loads, but it also supplies
operations to the bolt motion, to decelerate the bolt lubrication to the entire drive assembly of the gun since
during its loading stroke and to accelerate the bolt dur- the entire mechanism is sealed in an oil bath by the
ing its opening stroke. present invention.

The gun mechanism is so housed that it can be After firing, the bolt cam follower is rotated to the
grouped in multiple units, either in a circular or flat 35 unlocked position by a control cam as noted above.
configuration, to give a multi-barrel gun. At this point, the present invention utilizes residual

A hydraulic motor is used on each module to provide gas pressure in the barrel to force the bolt rearward and
rotary power for driving the gun mechanism. The to position the bolt cam follower in the return groove in
motor drives a main cam and a control cam by means of the main cam.
gears off a jackshaft. 40 The stored rotary energy in the main cam is then

The main cam operates at a multiple of the gun firing used, in addition to the residual gas pressure remaining
rate and has internal cam grooves of the Yankee screw- in the barrel, for a part of the stroke to accelerate the
driver configuration which are associated with a cam bolt rearward.
follower on the bolt during forward motion of the bolt The energy stored in the main cam would return the
to load and fire and during backward motion of the bolt 45 bolt to its starting position after it is unlocked if the
to accept another projectile. losses (including those caused by hydraulic pressure

The bolt is locked at the end of the forward motion drop, friction and windage and the kinetic energy in the
by rotating the bolt to place locking lugs on the head of projectile) were negligible. However, these losses are
the bolt behind mating lugs in the barrel. large enough to require a significant addition of power

The bolt is maintained in this locked position 50 to the hydraulic system from an external power source.
throughout the propellant loading and firing portion of In accordance with the present invention, a gas oper-
the cycle and is then unlocked by a control cam rotating ated hydraulic pumping system (which receives its en-
in the reverse direction from the main cam. The control ergy from the gas pressure added to the gun as a part of
cam operates at the gun firing rate and urges the bolt the firing of each projectile) is employed to provide the
cam follower pin into the return groove of the main 55 additional energy required during each firing cycle
cam. rather than requiring the main hydraulic system power

The main cam also has a rest groove in which the bolt source to supply it.
cam follower pin rides when the gun is not firing. The present invention also embodies a timing cam

The gun repeats the firing operation (loading a new driven at the same speed as the control cam. The timing
projectile into the bolt pathway as soon as the bolt 60 cam serves as a lock-out device to allow the bolt release
reaches its fully retracted position) in an automatic only during the appropriate portion of the cycle. The
mode of operation unless the bolt is locked in the fully timing cam synchronizes the bolt unlock operation with
retracted position. the control cam position. That is, since the main cam

In the present invention the main cam acts to time all turns at a multiple of the gun firing rate, the forward
the mechanisms of the gun to the motion of the bolt. 65 groove of the main cam passes the bolt cam follower a

The main cam also serves, to some extent, to drive the number of times before the timing for the release of the
bolt during certain portions of the movement of the bolt is correct with respect to the control cam. The
bolt, but the primary function of the main cam is syn- timing cam provides the required synchronization of
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the bolt release into the forward groove of the main Thus, the belt surrounding the modules serves to
cam. synchronize the firing of the modules and serves also to

A torsion bar is used to provide a constant locking drive the projectile feed to the gun modules.
torque on the bolt to effect the necessary radial motion Liquid propellant gun apparatus and methods which
of the bolt in a sufficiently short time. The torsion bar 5 incorporate the structure and techniques described
provides a high spring force to rotate the bolt into a above and which are effective to function as described
locked position at the end of the bolt forward stroke. above constitute specific objects of this invention.

A single valve arrangement is used for controlling the Other and further objects of the present invention
flow of propellant to the combustion chamber of the will be apparent from the following description and
gun. The valve is associated with a projectile sensor 10 claims and tre illustrated in the accompanying drawings
mechanism in a manner such that the propellant valve is which, by way of illustration, show preferred embodi-
maintained closed until a projectile has actually entered ments of the present invention and the principles
the gun as determined by the actuation of the projectile thereof and what are now considered to be the best

sensor mechanism, modes contemplated for applying these principles.

The propellant valve must then be opened rapidly. 15 Other embodiments of the invention embodying the

The valve is opened by the forward motion of the bolt, same or equivalent principles may be used and struc-

to provide the required fast opening of the valve, and is tural changes may be made as desired by those skilled in

held opened during the propellant filling portion of the the art without departing from the present invention

cyle by a cam pin in the control cam. The propellant and the purview of the appended claims.

val,.e also provides isolation of the propellant supply 20 BRIEF DESCRIPTION OF THE DRAWINGS
from the gun combustion chamber during firing. The
projectile sensor mechanism forces a sliding member to FIG. I is a fragmentary side elevation view in cross
the end of its travel against a spring load as a projectile section of a liquid propellant gun constructed in accor-
enters the gun from the feed belt. This motion forces ainvention.entes te gn fom te fed elt Ths moionfores 25The section of FIO. 1 is taken along the line and in the

sear hook attached to the propellant valve into the path direction indicated by the arrows 1-1 in FIG. 2.

of a locking lug on the bolt head. The forward motion dition ie o f 1-1 in IG. 2.

of the bolt then can engage the propellant valve and FIG. 2 is an end elevation view of the gun shown in

open it.FIG. 1 and is taken in the direction indicated by the
open it.arrows 2-2 in FIG. 1.

The projectile sensor mechanism thus ensures that, if 30 FIG. 3 is a schematic, partly in cross section, of a
no projectile enters the gun, no propellant is admitted to hydraulic system associated with the gun of FIG. 1.
the gun. FIG. 4 is a fragmentary side elevation view in cross

The projectile sensor mechanism is also effective to section of a muzzle switch actuator physically incorpo-
prevent the gun module from being disabled by a mis- rated in the gun module of FIG. I but also shown as a

fire cam if no projectile enters the gun from the feed 35 part of the hydraulic system of FIG. 3.
belt. FIG. 5 is a cross section view taken along the line and

The present invention incorporates a multi-purpose in the direction indicated by the arrows 5-5 in FIG. 1.
misfire detection mechanism which uses the gas pres- FIG. 5 is partly broken away to show details of a pro-
sures added to the gun upon the firing of each projectile jectile presence sensor lug 58 and helical rack 55.
for two purposes-to pump make up fluid and to oper- 40 FIG. 6 is a fragmentary cross section view taken
ate the misfire detection. along the line and in the direction indicated by the

As noted above, these gas pressures are used to pump arrows 6-6 in FIG. 5. FIG. 6 shows details of a misfire
hydraulic fluid to make up energy losses, detection cam 75 and its association with the gas oper-

The present invention uses a piston and rod assembly ated rod 70 of FIG. 4.
as part of this pumping mechanism. 45 FIG. 7 is an elevation view in cross section taken

The piston and rod assembly also operates a disable along the line in the direction indicated by the arrows
cam to disable the gun module in the event of a misfire. 7-7 in FIG. 1.

The mechanism used to lock the bolt in its most rear- FIG. 8 is a fragmentary side elevation view in cross
ward position incorporates a ball lock device which is section through a portion of the gun shown in FIG. 1
controlled by a plunger operated by a solenoid or by the 50 and shows details of the drive to the control cam and
application of hydraulic pressure directly to the the hydraulic piston and hammer assembly for loading
plunger. projectiles.

The belt which feeds projectiles and which surrounds FIG. 9 is a fragmentary side elevation view in cross
the gun module or gun modules is caused to rotate as section taken along the same plane as FIG. 8 showing
soon as the gun module or modules are put into the 55 details of the drive to the main cam.
ready condition. The drive for this mechanism is DESCRIPTION OF THE PREFERRED
tained from the same hydraulic motor (or motors) EMBODIMENTS
which drives the individual gun module (or associated

* gun modules). A liquid propellant gun module constructed in accor-
The drive connection between the hydraulic motor 60 dance with one embodiment of the present invention is

and the belt includes harmonic drive gearing to provide indicated generally by reference numeral 100 in FIG. 1.
a large gear reduction with a minimum of mechanism The liquid propellant modular gun 100 is a hydrauli-
bulk and weight. cally driven, cam synchronized mechanism that fires a

The hydraulic motor in each gun module drives the caseless, liquid monopropellant round. 'he gun module
main cam of the gun module, as described above; and 65 construction provides for flexible, modular installation

* the main cam is geared to an output shaft through the with several modules grouped to use a single feed sys-
harmonic drive gearing. The shaft in turn is geared to tern. The gun module can be utilized as an in-row
the belt containing the projectiles. grouping or as clustering in a circular pattern.
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Each module is self-contained and is independent of misfire while permitting the remaining modules in a

all others when used in a multi-module configuration, banked row or cluster to continue to fire.
and synchronization between modules is obtained by The gun module 100 includes as principal compo-
gearing each module to a common projectile feed sys- nents a barrel 43, a barrel extension 26 and a drive as-
tern. In the multi-module configuration the modules are 5 sembly housing 16 which supports the components in
timed so that they fire successively and at equal inter- the drive assembly.
vals, thus providing integrated, multi-barrel operation. The gun module 100 also includes the following listed
The gun of the present invention includes a misfire numbered elements, each of which is described in
detection feature that disables one module in case of a greater detail in the text following the listing.

DRAWING GUN MODULE DRAWING GUN MODULE
REFERENCE STRUCTURAL REFERENCE STRUCTURAL
NUMERAL ELEMENT NUMERAL ELEMENT

I. Hydraulic system 18. Timing cam
pressure port bearing

2. Transfer piston 19. Support
valve port

3. Harmonic drive 20. Harmonic drive
output pinion internal gear

4. Transfer piston 21. Main cam rear
bearing

5. Transfer piston
valve

6. Main cam 22. Bolt cam follower
7. Flexspline 23. Flexspline

output gear
a. Harmonic drive

elliptical cam
balls

9. Bolt 24. Main cam
forward bearing

10. Bolt lock piston
II. Timing cam 25. Retainer ring
12. Bolt lock balls 26. Barrel extension
13. Drive chamber 27. Control cam

end
14. High pressure 28. Propellant valve

gas inlet port arc cam
I5. Retainer ring 29. Control cam pin
16. Drive assembly housing 30. Control cam

lock ring
17. Bolt lock

release plunger

31. Propellant valve 49. Drive chamber
disable push pin plug

32. Propellant valve 50. Pin cam
sear hook actuating rod

33. Propellant valve 51. Pin cam
sear hook cam

34. Propellant valve stem 52. Torsion bar head
35. Propellant inlet 53. Torsion bar

port pins
36. Propellant valve 54. Torsion bar

head
37. Blocking slide 55. Projectile

sleeve sensor
38. Vent port 56. Pin cam

locking rod
39. Blocking slide
40. Blocking slide 57. Projectile

vent port entry port
41. Gun chamber 58. Projectile

sensor I !g
42. Gun chamber

propellant
inlet port

43. Barrel 59. Vent port
44. Insulation 60. Retainer ring
45. Bolt locking 61. Gas pump spring

lug relief retainer plug
groove

46. Insulation 62. Gas pump spring
47. Projectile 63. Gas pump override

receiver bore in hydraulic piston
barrel extension

48. Projectile drive 64. Gas pump hydraulic
gear train pinion fluid chamber

65. Rifled barrel 107. Guide grooves
for the bolt

66. Gas pump lup in the
hydraulic barrel

IP
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-continued

DRAWING GUN MODULE DRAWING GUN MODULE
REFERENCE STRUCTURAL REFERENCE STRUCTURAL
NUMERAL ELEMENT NUMERAL ELEMENT

fluid piston
67. Retainer ring 108. Projectile sensor

torsion bar spring
68. Gas pump

piston stop
109. Projectile sensor

69. Vent port spring anm
70. Gas pump 110. Projectile

piston rod loading piston
71. Gas pump 112. Projectile

piston loading hammer
72. Gas pump 114. Jackshaft

piston
sealing rings

73. Gas pump 116. Bolt rest
rod sealing position
rings locking mem

74. Gas pump 118. External rotary
high pressure hydraulic
gas chamber drive motor

75. Disable cam 120. Overriding clutch
100. General reference 122. Gearing

to the liquid
propellant
modular gun
module

102. Bolt locking 124. Locking lugs
lugs in on the bolt
barrel

104. Bolt lug 126. Grooves for
locking surfaces torsion rod
in the barrel pins

106. Bolt lug 128. Precombustion
slideways for chamber
bolt lugs in
the barrel
extension

130. Chamber 161. Conduit
breech seal

132. Rearward 162. Sequence
groove for valve
bolt cam
follower

134. Forward 164. Selector
groove for valve
bolt cam
follower

136. Driving pinion 166. Sequence
for control valve spool
cam

137. Rear rest 168. Inlet port
groove for
bolt cam
follower

170. * Restrictor check
142. Control valve 171. Outlet port

for projectile
loader

144. Gear on 172. Passageway
control cam

146. Locking taper 174. Helical rack
148. Locking taper 176. Helical gear teeth
150. Idler gear
151. Projectile 180. Cantilever

spring
152. Shaft
156. Muzzle switch 182. Chamber

actuator
158. Gun system 184. Chamber

accumulator
160. Check valve 186. Groove
190. Metalic nngs
192. Gas pump fluid passageway
194. Gas pump fluid exit cavity
196. Check valve
204 Transfer piston bore
206. Check valve

_____ _ ~ ~~ .___.._
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The barrel 43 provides 60 or more calibers of projec- 360" annular groove 137 into which the grooves 132,

tile travel and includes a combustion chamber 41, a 134 blend. At the forward end one cam groove 134
propellant fill port blocking slide 39 with its hydraulic expels the follower 22 into a cavity in the drive assem-
spring, an optional water purge valve (not illustrated, bly housing 16 and the other groove 132 accepts the
but baically like the purge valve illustrated in FIGS. 5 follower 22 when the follower 22 is forced into the
26, 27 and 28 of the above referred to pending U.S. Pat. groove 132 by a ramp on the control cam for retraction
application Ser. No. 616,822), breech closure locking of the bolt.
lugs 102 having bolt locking surfaces 104, and a gas inlet In one particular embodiment of the present inven-
port 14 near the muzzle communicating with a sensing tion the cam 6 is initially driven constantly by the hy-
piston 71. 10 draulic motor 118 through the gear train at 3 times gun

The barrel 43 is attached to the barrel extension 26 by firing rate, i.e. when the gun is firing at 1000 rounds per
means of three, close fitting, self-locking pins (not illus- minute, the main cam is rotating initially at 3000 rpm.
trated) which provide a quick disconnect means to This speed provides approximately an II millisecond
remove the barrel and to thermally isolate the barrel bolt extension time, 22 millisecond forward dwell, 14
from the remainder of the gun by providing either an air 15 millisecond bolt retraction tinme after firing, and a 13
gap between the barrel and the barrel extension or insu- millisecond rear dwell time for projectile loading while
lation 44 and 46. the gun is firing.

Since the locking lugs are a part of the barrel 43, The cam 6 provides a three-fold purpose in the opera-
breech loads caused by combustion chamber pressure tion of the gun.
are absorbed by the barrel 43 and are not transmitted to 20 First, since the bolt is driven forward by hydraulic
the rest of the mechanism. This permits a lightweight pressure in the drive assembly housing, the cam pro-
structure for the remaining parts of the gun since the vides no power during the first half of the stroke. Then
remaining parts must only support their own dynamic during the last half of the forward stroke, the cam decel-
and fluid pressure loads. erates the bolt to near zero velocity (as will be described

The barrel extension 26 contains slideways 106 for 25 in greater detail below) and converts the energy ab-
the bolt 9, the propellant filling valve 36, the projectile sorbed by the bolt into rotational energy stored in the
presence sensor 55 with its torsion bar spring 108 and cam and other rotating gun mechanisms.
arm 109, and the projectile loading means 110 and 112. Second, during the return stroke this energy is re-
In addition, the barrel extension 26 provides a housing turned to the bolt (less losses). If there were no losses,
for a control cam 27, a disable cam mechanism 75, and 30 the bolt would be returned to its starting position and all
a support for the projectile feed mechanism which in- the energy expended by the hydraulic system would be
cludes a projectile feed belt (not illustrated, but basi- recovered. Since there are losses, the losses are made up
cally like that shown in FIGS. 2, 5, and 31 through 39 by the external power source (gas operated piston 66) as
of the above noted pending patent application Ser. No. will also be described in greater detail below.
616.822). 35 The third function of the main cam 6 is to synchro-

Drive assembly housing 16 contains all the mecha- nize the bolt operation with the other mechanisms of
nisms for driving the gun. These include a main cam 6, the gun.
the gearing 3, 23, 7 and 8 for driving the projectile feed The control cam 27 revolves about the bolt 9 just
system, the transfer mechanism, including a transfer forward of the main cam 6 and is driven by a gear 136
piston 4 for supplying hydraulic pressure to drive the 40 on the jackshaft 114 at an average speed equal to the
bolt 9 forward, the jackshaft 114 for driving the main gun firing rate. Thus, the control cam 27 operates at a
cam 6 and the control cam 27, the bolt rest position submultiple of the speed of the main cam 6 and rotates
locking means 116, the torsion bar bolt lock 54, an op- in the opposite direction. A small ramp on the rear face
tional triggering solenoid (not illustrated) and a syn- of the control cam 27 engages the bolt cam follower 22
chronization cam 11. The drive assembly in addition 45 at the proper time to urge the cam follower 22 into the
provides support for an external hydraulic motor 118 return path 132 of the main cam 6.
and an overriding clutch 120 and gearing 122. A pin 29 projects radially from the control cam 27

In one specific embodiment of the present invention and serves several purposes. The pin 29 locks the pro-
the bolt 9, which is basically cylindrical in shape, has pellant valve 36 in its open position for the time re-
sixteen locking lugs 124 projecting radially near the 50 quired to fill the combustion chamber 41 with propel-
forward end of the bolt and a cam follower pin 22 pro- lant. The pin 29 engages the disable cam 75 in the event
jecting radially near the back end of the bolt. Internally, a misfire occurs and the cam 75 is not retracted by thethe bolt coatains a pair of grooves 26 engaging torque piston rod 70. The pin 29 operates the valve 142 con-

pins 53 which provide the torque required to lock the trolling the hydraulic mechanism 110 driving the pro-
bolt into the barrel when the bolt reaches its forward 55 jectile loading hammer 112.
position. If a misfire occurs, the pin 29 engages the misfire cam

The bolt nose contains a spark igniter (not illus- 75 and pulls the control cam 27 forward. This disen-
trated), a precombustion chamber 128, and a chamber gages the gear 144 on the control cam 27 from the jack-
breech seal 130. shaft pinion 136 and stops the rotation of the control

A ball latch mechanism 12 is incorporated in the rear 60 cam. The inertia of the control cam forces a locking
end of the bolt to lock the bolt to the housing during the taper 146 on the exterior surface of the control cam into
rest period. engagement w. i. a matching taper 148 in a lock ring 30

The main cam 6 is an internal cylindrical type with attached to the barrel extension. This locks the control
two grooves 132 and 134 which trace bi-directional cam 27 in its full forward position. The forward motion
spiral paths similar to a Yankee screwdriver. The main 65 of the control cam 27 can also be used to open an op-
cam 6 permits the cam follower 22 to rest at each end of tional water purge valve (not illustrated) and to force
its travels until urged back into the grooves 132, 134 by the propellant loading valve 36 forward far enough to
external means. The rear end of the cam 6 has a simple provide an exit passageway for the propellant and water

S
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into the gun chamber in the manner illustrated and sides are arranged to provide the extension force re-
described in FIGS. 26, 27 and 28 of the above referred quired. The valve spool 142 in turn is controlled by the
to pending patent application Ser. No. 616,822. cam pin 29 in the control cam 27 which moves the valve

The gun module 100, in a specific embodiment of the spool at the proper time in the firing cycle.
present invention, is triggered by an electrical signal to 5 FIG. 3 is a schematic of the external hydraulic system
a solenoid (not illustrated in the drawings) connected to used to supply hydraulic power to each gun module
a lock plunger 17. 100.

Since the main cam 6 operates at a multiple of gun The muzzle switch actuator 156 used to replenish the
speed, a locking or timing cam 11 operating at gun hydraulic power required to drive the bolt 9 and the
speed is used to prevent the lock plunger 17 from re- 10 transfer piston 4 used to pressurize the gun module 100
tracting until the main cam 6 is in the proper position are shown schematically in FIG. 3 although both these
with respect to the control cam 27 position. Retraction mechanisms are physically located in the gun module
of the lock plunger 17 allows the ball latch 12 to release 100.
the bolt 19, and hydraulic pressure on the bolt diameter System hydraulic pressure is supplied to the gun sys-
forces the bolt forward. 15 tern accumulator 158 through a check valve 160 and

The drive mechanism 16 utilizes the hydraulic motor from the accumulator 158 through a conduit 161 to the
118 to drive all the rotary motions in the gun module inlet of a sequence valve 162 and an electrically oper-
100. ated selector valve 164. When system pressure is ap-

The motor 118 drives through an overriding clutch plied to the gun system all of these valves are pressur-
120 and a small gear box 122 directly into the jackshaft 20 ized as well as the hydraulic motor 118 which drives the
114. The jackshaft 114, operating at a multiple of gun rotating members in the gun module 100 at a constant
speed, in turn is geared to the main cam 6 through an speed (subject to accelerating forces supplies by for-
idler gear 150 and drives the control cam 27 at its for- ward movements of the bolt 9 as described above). In
ward end directly at gun speed. In addition, the locking addition, pressurization of the selector valve 164 forces
or timing cam 11 is operated by the jackshaft 114 25 the spool 166 of the sequence valve 162 to the right
through the same reduction as the reduction to the closing the inlet port 168 and. thus blocking system
control cam 27. pressure from the gun transfer piston 4 and the hydrau-

As indicated above, the average speed of the main lic fluid chamber 64 of the muzzle switch actuator 156.
cam throughout a cycle is a given rpm, such as, for The pressure in these chambers is reduced to return
example, 3000 rpm. However, in order to store the 30 system pressure since they are always connected to
energy transferred from the bolt 9 during the decelera- return through a restrictor check 170.
tion of the bolt, the main cam 6 speeds up. In order to In operation, and referring to FIGS. I and 3. when
prevent the hydraulic motor 118 from dissipating this the gun module 100 is placed in the "ready" condition,
energy as heat in its constant speed hydraulic control, the hydraulic motor 118 is running and driving the main
an overriding clutch 120 is used. Thus, the only time 35 cam 6 and the control cam 27 and the timing cam 11 at
power is being absorbed from the hydraulic motor 118 their initial speeds (3000 rpm and 600 rpm respectively
is when the main cam 6 slows down during the return in one specific embodiment of the present invention),
stroke of the bolt to less than its initial speed of 3000 and the hydraulic motor 118 is also rotating the projec-
rpm. The peak power required from the hydraulic tile feed system around the gun module and is driving
motor is only required for a few milliseconds during 40 the projectile supply system (both not illustrated)
bolt retraction in a gun cycle. At all other times during through the harmonic drive gearing.
the cycle the motor operates at considerably less than The transfer piston 4 is at the left (as viewed in FIGS.
th -peak power to overcome friction and windage I and 3) end of its travel, the bolt 9 is locked in the fully
losses in the rotating members. retracted position shown, the muzzle switch piston 66 is

The projectiles 151 are rotating about the gun module 45 at the right end of its travel, and the chamber 64 is filled
100 and are held in a circular chain or belt containing with hydraulic fluid. The sequence valve slide 166 is at
the projectile containers. To drive this system a har- the right (as viewed in FIG. 3) end of its travel and has
monic gear train is used. The exterior surface oi the closed off system hydraulic pressure to the gun module
main cam 6 provides a cammed surface for driving a 100 as described above; and the accumulator 158 is
flexible inner gear (called the flexspline 7) of the har- 50 pressurized to system pressure.
monic drive gear train through a ball drive 8. The mat- When the firing trigger switch and a second switch
ing internal gear 23 is located in the drive assembly (not illustrated) on the timing cam 11 are closed, the
housing 16. A take off pinion 3 on shaft 152 engages the selector valve 164 on the sequence valve 162 moves the
output gear 23 of the flexspline and drives the projectile sequence valve slide 166 to the left (as viewed in FIG.
retainer mechanism (not illustrated) through projectile 55 3) to open the passageway from the inlet port 168 to the
drive gear train pinion 48. outlet port 171 connected to the hydraulic inlet port I of

The projectile feed system in each gun module 100 the gun.
comprises a hammer 112 which forces the projectile 151 The hydraulic pressure inlet port I is now pressur-
out of the conveyor and into the barrel extension 26 ized, and this pressurizes the interior of the drive hous-
through a slot 57. The hammer 112 is controlled by a 60 ing 16 by means of the hydraulic pressure applied to
piston 110 in a cylinder contained in a barrel extension transfer piston 4. This tends to move the transfer piston
26. The cylinder is designed to apply system hydraulic 4 to the right (as viewed in FIG. 1). and the pressure is
pressure to the rod side of the piston 110 at all times, transmitted within the barrel extension 26 as far as the
thus providing the retraction force required when the plug 49.
head side is connected to return. When it is desired to 65 Pressurization of the drive housing 16 produces a
force a projectile 151 into the module, the spool of a load on the lock plunger 17 tending to force the lock
three-way valve 142 is moved to admit fluid pressure to plunget 17 to the right against a spring (not shown).
the head side of the piston 110. The areas of the two The lock plunger 17 is prevented from movipg by the
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tini.g cam 11 until the control cam 27 is in the proper passageway 57 into the receiver bore 47. The entry of
angular position for the bolt to start its forward motion, the projectile 151 forces the projectile sensor 55 upward
When the lock plunger does move to the right, the lock when the projectile 151 strikes the lug 58.
piston moves to the right to let the balls 12 drop into the As the bolt starts its forward stroke the pin cam lock-
groove 116, and this releases the ball lock on the bolt so 5 ing rod 56 can now follow under the influence of the
that the bolt can be moved forward by the hydraulic hydraulic pressure in the housing 16 since it is no longer
pressure. locked in place by projectile sensor 55. In addition pin

. The pressurization of the drive housing 16 provides a cam actuating rod 50 which was held in its rearward
force on the bolt 9 tending to force the bolt to the left, position by the bolt locking lug can now move forward
but it is prevented from moving by the ball lock mecha- 10 under the same hydraulic pressure load. This movement
nism which locks the bolt to the support 19. As noted forces pin cam 51 forward until pin 50 strikes its stop.
above, the lock piston 10 is held at the left end of its The forward motion of pin cam 51 extends control cam
stroke b'% the plunger 17 against the load of a spring. A pin 29 at the proper time so that it may perform its
series of balls 12 located in radial holes in the bolt 9 functions listed above.
surround the lock piston and are held outward far 15 The projectile sensor has a helical rack 174 on one
enough to project from the outside diameter of the bolt. side which engages helical gear teeth 176 on the cam 33.
These lock the bolt to the support 19. As soon as the Upward motion of the projectile sensor causes rotation
timing cam 11 releases the plunger 17, the plunger of the cam 33 and forces sear hook 32 into the pathway
moves to the right and the locking piston follows. The of a locking lug 124 on the bolt 9. Thus, the sear hook
locking balls 12 drop into the groove 116 in the piston 20 32 is forced to the left (as viewed in FIG. 1) when the
and now are below the outside diameter suface of the lug 124 strikes the sear hook 32. The sear hook, in turn,
bolt 9. This frees the bolt from the support. is attached to the propellant valve stem 34 and forces

Hydraulic pressure now forces the bolt to the left, the propellant valve 36 to the left when the lug 124
and the bolt follower 22 is forced into the forward cam strikes the sear hook 32. Leftward movement of propel-
groove 134 of the main cam 6. 25 lant valve stem 34 and propellant valve 36 opens a pas-

Hydraulic fluid now flows into the hydraulic pressure sageway from the propellant inlet port 35 to combustion
inlet port I and into the chamber on the rod side of the chamber inlet port 42.
transfer piston 4. The transfer piston now moves to the When the bolt 9 returns, the projectile sensor 55 is
right forcing the fluid out of the chamber on its head forced downward by torsion bar spring 108 through
side, through the passageway 172 shown in the end cap 30 arm 109 onto the rod 56 after the bolt 9 passes the pro-
13 into the drive housing 16. jectile sensor 55. The locking lug 124 on the bolt

The displacement of the transfer piston 4 is equal to contacts the pin 50 near the end of "ts stroke forcing the
that of the bolt plus any leakage of fluid from the hous- pin 50 and the pin cam 51 and the rod 56 to the right (Q%
ing 16. viewed in FIG. 1) returning their to 'ieir original pos.

Makeup of any fluid losses is done with the valve 5. If 35 tions. When the rod 56 is fully re:-. .ed, the projectile
leakage has occurred, the piston 4 will be displaced sensor 55 drops to its iAitia! tosit. ., = :'Iustrated in
farther than normal. Toward the end of its stroke the FIG. 5 and locks rod 56 ar,, t jir. !14% -' 5i1. in their
stem of the valve S will contact the closure 13 and original positions.
further motion of the piston 4 will open the valve 5. Since a pin 29 is located :. th- control cam 27, the pin
Hydraulic fluid can now flow from the port I through 40 29 is rotating about the bolt 9 and can be extended
the valve port 2 into the bore on the head side of the radially at the proper time by the cam surface on the pin
piston 4. The piston 4 is now forced to the left until the cam 51 which is not rotating. Thus, the functions of the
valve closes and shuts off the flow. pin 29 and tbe module disable and propellant valve

As the bolt 9 accelerates to the left (as viewed in FIG. timing operation are controlled by the motion of the pin
1), the angle of the cam forward groove 134 is kept at 45 cam 51. The pin 29 is held radially inward against the
such a value that no contact with the bolt cam follower pin cam 51 by a cantilever spring 180 shown as a round
22 is made. The main cam 6 continues to rotate at its cross section through the pin 29 in FIG. 1.
initial angular velocity of 3000 rpm. At approximately As indicated above, the bolt 9 forces the propellant
3.7 inches of the bolt's total travel of 7.3 inches (in one valve 36 to the left when a locking lug 124 strikes the
specific embodiment of the present invention) sufficient 50 sear hook 32.
kinetic energy has been transferred from the hydraulic As the projectile 151 which forced the sensor 55
system to the bolt 9 to overcome the losses during the upward moves out from under the lug 58, the lug passes
remainder of the cycle. The angular inclination of the onto the surface of the bolt, and this holds the sensor 55
cam groove 134 is now steepened. This applies a retard- in the retracted position. The sear hook 32 therefore
ing force on the cam follower 22 and the bolt which 55 remains in the position required to engage the bolt 9. As
slows the bolt to near zero velocity just before bolt the propellant valve 36 moves toward the left, it also
locking occurs. The kinetic energy transferred from the forces the blocking slide 39 to the left. This forces hy-
bolt to the main cam 6 now increases the angular veloc- draulic fluid in the chamber 182 to the left of the block-
ity of the main cam and the angular velocity of all other ing slide into a hydraulic spring chamber in the gun
rotating members geared to the main cam 6. The hy- 60 barrel 43 and provides a high return force required to
draulic motor 118 continues to ope.rate at its initial close the propellant valve 36 at the end of the propellant
speed since the overriding clutch 120 in series with the filling portion of the cycle.
drive permits the driven members to ove-speed. During its entire stroke to the left, the bolt 9 has a

The locking lugs 124 at the head end of the bolt are high torque applied in a clockwise sense when viewed
located in mating grooves 106 in the barrel extension 26. 65 from the right end of the gun module 100 in FKG. 1.
These grooves are also shown in FIG. 5. This torque is provided by the torsion ,ar 54 through

Just before the bolt 9 started its forward motion a two torque pins 53 which ride in the grooves 126 cut in
projectile 151 was forced from the feed belt through the the inside diameter of the bolt. These pins, in turn, are
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guided in the bore and retained by the torque head 52. through the seal at the left end of the sleeve passes out
When the bolt reaches the end of its stroke, the locking through the vent port 38.
lugs 124 on the bolt are forced out of the guide grooves Isolation of the main propellant supply from the fir-
107 in the barrel 43, which grooves match the grooves ing chamber 41 in the gun is accomplished by the mech-
106 in the barrel extension 26, and the locking lugs 124 5 anism described above. As the valve 36 moves to the
pass into a relief groove 45 in the barrel 43. right to close, the valve 36 forces the propellant behind

At the same time the cam follower 22 in the bolt is the valve head back into the barrel extension 26. The
expelled from the forward groove 134 in the main cam barrel extension 26 is thermally isolated from the gun
6 and exits into a groove 186 in the housing 16. barrel 43 by insulation 44 and 46 between the members.

The bolt 9 is now free to rotate in a clockwise direc- 10 The locking lugs 102 on the barrel 43 are located in a
tion (as viewed from the right end of the gun module cylindrical extension of the barrel, and this extension fits
100 in FIG. 1) under the influence of the torsion bar 54. into a mating counterbore in the barrel extension 26 as
The groove 186 in the housing 16 is limited in length illustrated. A small air gap (not shown in the drawings)
and stops the bolt rotation at 11.25 in one specific em- is maintained between these members at this point and
bodiment of the present invention. The locking tugs 124 15 serves as insulation. The only direct connection be-
on the bolt are now behind the locking lugs 102 in the tween the two members is through three close fitting
barrel 43, and the bolt is prevented from being forced to pins (as described above) which lock the members to-
the right (backward as viewed in FIG. 1 by the gas gether.
pressure which is generated in the barrel 43 when firing Ignition of the liquid propellant charge is accom-
occurs. 20 plished by electric spark ignition in the precombustion

As the bolt 9 and the propellant valve 36 reach their chamber 128 located in the bolt head. This ignites the
forward position, the pin 29 is forced outward by the propellant in the gun chamber 41, and the pressure in
pin cam 51, and the pin 29 passes behind an arc cam 28 the gun chamber 41 forces the projectile 151 past the
which is attached to the propellant valve shaft 34. forcing cone and through the barrel 43.

The propellant valve 36, which is no longer retained 25 After burning has been completed, further travel of
by the sear hook 32 after the bolt has been rotated to the projectile expands the gases.in the gun chamber 41
lock, is now prevented from closing under the influence and the pressure decreases. When the pressure has been
of the hydraulic spring force acting on the blocking decreased to approximately 20,000 psi (in one specific
slide 39. The pin 29 holds the valve 36 open for that embodiment of the present invention) a port 14 (See
portion of the cycle required for propellant filling. The 30 FIG. 4.) is passed by the projectile 151 and opens the
projectile 151 which has been positioned to the left of chamber 74 in the muzzle switch to the right of the
the port 42 by the bolt 9 is now forced further to the left piston 71 to the pressure in the gun barrel 43. The pres-
in the gun chamber 41 by the propellant entering the sure is prevented from escaping past the piston rod 70
combustion chamber through the ports 35 and 42. Pro- and piston head 71 by high pressure seals 73 and 72
pellant flows through the port 35, past the -ropellant 35 respectively. The force generated by the gas pressure
valve 36, into the gun chamber 41 through the port 42. forces the piston 71 to the left (as viewed in FIG. 4), and

When the projectile 151 reaches the forcing cone (not the piston 66 in the chamber 64 which is filled with
illustrated) in the gun barrel, it stops and the propellant hydraulic fluid is also forced to the left.
flow stops. This motion of the pistons 71 and 66 forces the fluid

At this time the pin 29 in the control cam 27 has 40 in the chamber 64 through the passageway 192 in the
passed from behind the arc cam 28; and the propellant rod 70 and forces piston 63 to the left until stopped by
valve 36 and the blocking slide 39 move to the right and plug 61. The high pressure fluid passes from this pas-
close the port 42. sageway 192 through a cavity 194 in the barrel exten-

The gun chamber is now sealed by the bolt and the sion (See FIG. 3.) where the fluid exits the gun module
blocking slide by high pressure seals on these members. 45 100.
The blocking slide moves in the sleeve 37 which retains The fluid closes the restrictor check valve 170 and
the sealing members in a mating bore in the barrel. The passes through a second check valve 196 in the free-
high pressure gas in the chamber 41, after firing, forces flow direction into the gun system accumulator 158.
elastomeric seals at the ends of the sleeve 37 outvard The pressure also drives the sequence valve spool 166 to
against a pair of metallic rings 190. These rings 190 have 50 the right, if the selector valve 164 (which was reversed
matching 45' taper surfaces at their interface, and thus during the propellant fill portion of the cycle by a
one ring is forced outward and the other inward under switch on the timing cam) has not completed the shutoff
the influence of the gas pressure. The rings being forced stroke of the sequence valve spool 166.
inward seal the outside diameter of the blocking slide The movement of the sequence valve spool 166 shuts
while those being forced outward seal the bore for the 55 off the pressure port 168 from the gun port 1.
sleeve in the barrel. Should the seals on the right end of The gas piston 71 moves to the left until it strikes the
the sleeve leak, the space between the propellant valve stop 68 retained by the ring 67.
head 36 and the blocking slide 39 will become pressur- Any gas pressure escaping past the seal rings 72 is
ized. Since the propellant valve is prevented from mov- vented through the port 69.
ing to the right by a shoulder on the valve head which 60 When the piston 71 bottoms, the hydraulic pressure in
mates with a counterbore in the barrel extension 26, the passageway 192 and chamber 64 decays to return pres-
blocking slide 39, in the event of leakage of gas, is sure since the passageway in the rod 70 is connected to
forced to the left against the hydraulic spring pressure, the return system through a small orifice in the now
and the blocking slide opens a vent port 40 to the space closed restrictor check 170. The decay in pressure a-
between the two members which was sealed by the 65 lows the restrictor check 170 to open which increases
conical seal on the propellant head. This movement the size of the orifice. The piston 63 can now move to
allows leakage gas to escape without building up high the right under the influence of the spring 62 forcing its
gas pressure on the propellant valve head 36. A leak displaced oil out the restrictor check 170.



4,161,904
17 18

The gun incorporates a mechanism which disables entering the chamber 64 cannot force the piston 66 to
the gun module 100 in case a misfire occurs. See FIG. 6. the right. Therefore, the oil displaces the piston 63 to
This is accomplished by placing a cammed surface 75 in the left against the force of the spring 62. When the
the path of the pin 29 in the control cam 27. If the gun piston 63 has reached the end of its stroke, the residual
fires, this cam 75 is retracted out of the path of the pin 5 pressure has decayed to a low value, and further dis-
29 by the piston 71 through the rod 70. The rod 70 placement of the bolt 9 will result in forcing the piston
extends into the cavity occupied by the control cam 27 66 to the right.
and has the disable cam surface 75 attached to its end. The bolt 9 proceeds to the right accelerated by the

If the gun misfires and the cammed surface 75 is not main cam 6. When the angular velocity of the main cam
retracted, the pin 29 strikes the surface 75 forcing the 10 6 has been reduced to its initial value, the hydraulic
pin 29 and the control 27 to the left, as viewed in FIG. motor 118 is again engaged through the overriding
1. This motion disengages the gear on the control cam clutch 120 and adds its power to return the bolt. The
27 from the driving pinion 136 on the jackshaft 114 and cam angle of the "return" groove 132 in the main cam
stops the rotation of the control 27. 6 is changed at this time so that energy is no longer

The inertia of the control cam 27 carries the control 15 transferred to the bolt 9 from the main cam 6. The bolt
cam to the left, as viewed in FIG. 1, until the taper 146 now proceeds to the end of its travel opposed by the
on the cam nose locks into the mating taper 148 of the force generated by the pressure drop of the exiting fluid
lock ring 30 which now prevents any further motion of and by friction forces and reaches the rest groove 136 in
the control cam 27. the main cam at near zero linear velocity.

The bolt 9 which normally would be unlocked by the 20 As the bolt 9 is retracting, piston 66 is moving toward
rotation of control cam 27 remains locked, the right; and as the bolt 9 nears the end of its stroke and

The leftward motion of the control cam 27 also forces its velocity is reduced, the pressure in the chamber 64
the pin 31 to the left which, in turn, forces the propel- (which reflects the pressure drop of the returning oil
lant valve 36 to the left far enough to connect the port from the transfer piston 4) is also reduced. Thus, near
42 to the intersection between the valve head 36 and the 25 the end of the stroke, the pressure in the chamber 64 is
blocking slide 39. In this event a water valve (not) illus- low enough that the spring 62 can force the piston 63 to
trated) is also opened by the motion of the control cam the right to the end of its travel. Therefore, when the
21 to admit high pressure water to the gun chamber 41 bolt reaches the rest groove 137, all the fluid which was
at the base of the projectile 151. The water then forces displaced is once again restored to the chamber 64 (with
the liquid propellant and water out the vent port 38. 30 the exception of that which was lost to the return sys-

Assuming that a normal firing takes place and the gun tem through the restrictor check 170).
module 100 is not disabled, the bolt 9 is unlocked by the The makeup fluid required is replenished as soon as
rotation of the control cam 27. A ramp on the control the sequence valve 162 opens the pressure port 168 to
cam 27 engages the bolt cam follower pin 22 and rotates the gun module. The slide 166 is moved to the left at the
the bolt cam follower pin 22 until the locking lugs 124 35 end of the bolt return stroke by reversal of the selector
in the bolt head are disengaged from the mating lugs 102 valve 164 admitting pressure to the gun port 1.
in the barrel 43. Fluid can now flow into the chamber 64 from system

Since the residual pressure in the barrel 43 is still high pressure.
and the return groove 132 in the main cam 6 is in line The piston 63 is forced to the left again to await the
with the follower 22, the bolt 9 is accelerated to the 40 next firing cycle.
right (as viewed in FIG. 1) and the follower 22 enters If the trigger has been released during the cycle, the
the return cam groove 132. selector valve 164 on the sequence valve 162 is deener-

The inclination of the cam groove 132 is such that the gized by the timing cant 11 at the proper point in the
rotational energy in the main cam 6 is now translated cycle. The spool 166 in the valve 162 is forced to the
into an accelerating force on the bolt 9. Thus, initially, 45 right closing off pressure to the gun module 100.
both the residual pressure in the gun chamber 41 acting The pressure in the system decreases to return pres-
on the bolt area and the force of the main cam 6 acceler- sure, and the plunger 17 is now urged to the left by a
ate the bolt 9 to the right. After approximately 0.6 spring. The timing cam 11 prevents the plunger from
inches of bolt travel the residual pressure has decreased moving until the bolt has reached its fully retracted
to zero and no longer provides force. The main cam 6 50 position. The plunger then moves to the left forcing the
now provides the only accelerating force. locking piston 10 to the left and extending the lock balls

The bolt motion displaces hydraulic fluid from the 12 behind the shoulder of the support 19, thus locking
interior of the drive chamber 16 into the bore 204 in the bolt 9.
which the transfer piston 4 slides. The piston 4 moves to As indicated above, the projectile feed mechanism is
the left (as viewed in FIG. 1) displacing fluid out o" '*e 55 geared to the main cam 6 and thus is driven by the
port 1. hydraulic motor 118. The gearing is arranged in a man-

Referring to FIG. 3. it will be noted that this fluid ner known as a harmonic drive. This type of drive con-
cannot pass through the sequence valve 162 since the sists of a flexible, external gear which engages the teeth
sequence valve 162 is still closed. The fluid must pass of a fixed internal gear when the flexible external gear is
through the check valve 296. The fluid cannot pass 60 deflected by an elliptical cam on its interior surface.
through the check valve 196 since the check valve 196 Thus, as the elliptical cam rotates, the two points at
is held closed by the system pressure. Check valve 170 which the flexible member, known as a spline, engage
is closed by the high flow rate of the fluid exiting port the internal gear rotate with the cam. If the spline now
1. has two teeth less than the fixed internal gear, the spline

The fluid is forced into the chamber 64 through the 65 will advance two teeth for each revolution of the cam.
* passageway 192 in the rod 70. Since during the first 0.6 A third gear attached to the spline can now be used to

inch of bolt travel the residual pressure in the gun barrel drive the external mechanism which in this case is the
43 and thus in the chamber 74 is still high, the fluid projectile feed.
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The elliptical cam is machined as three ball races at fluid pressurizing means for conducting high pressure
the right end of the main cam 6. See FIG. 1. The balls hydraulic fluid to the interior of the case and di-
S are held in these elliptical grooves by a suitable ball rectly against the back surfaces of the bolt to drive
separator member and by the inside diameter of the the bolt forward by the forces produced by the
flexible spline 7. The spline is shown in engagement 5 high pressure fluid action on the rear surfaces of
with the fixed internal gear 20 which also provides a the bolt within the outer case and to provide lubri-
support for the bearing 21 which in turn supports the cation for all internal moving parts of the drive
main cam. mechanism within the outer case.

Thus, as the main cam 6 turns, the points of engage- 2. The invention defined in claim 1 including a pro-
ment of the spline in the fixed internal gear rotate about 10 pellant injection control valve for controlling the injec-
the main cam 6. As explained above, the spline now tion of liquid propellant into the combustion chamber
rotates at a gear ratio equal to one-half the number of and wherein the valve is operatively associated with the
teeth in the internal gear. bolt so that the valve is opened by forward movement

The output gear 23 is an integral part of the flexible of the bolt.
spline and rides on a bearing surface at the left end of 15 3. The invention defined in claim 1 wherein the fluid
the main cam 6. pressurizing means include a transfer piston for transfer-

A pinion gear 3 is driven by the gear 23 and drives ring pressure from a source of high pressure fluid inde-
one of the gears 48 in the feed mechanism gear train pendent of the gun to the interior of said case.
through a shaft supported by the barrel extension 26. 4. The invention defined in claim 3 including se-

The gun module 100 of the present invention thus 20 quence valve means operatively associated with said

provides a number of features including: transfer piston for controlling the application of high

a. A method to drive the bolt directly with hydraulic pressure from said source of high pressure fluid to the

pressure and still retain the Yankee screwdriver type transfer piston.

main cam to control the bolt; S. The invention defined in claim 1 including liquid

b. A timing cam for synchronizing the bolt release with 25 propellant injection means for injecting a liquid propel-

the position of the control and thus the forward lant into the combustion chamber.
grove positioneofe co l a6. The invention defined in claim 5 including projec-
groove of the main cam; tile sensor means for sensing when a projectile has en-

c. A torsion bar, bolt-locking system; tered the gun and operatively associated with the pro-
d. A propellant valve opened by the bolt motion which 30 pellant valve for opening the propellant valve only

provides isolation of the prope.lant supply from the when a projectile has entered the gun.
gun chamber during firing and which also provides 7. The invention defined in claim 5 wherein the pro-
the necessary rapid opening of the propellant valve; pellant valve is operatively associated with the bolt so

e. A projectile sensing device which prevents propel- that forward movement of the bolt opens the propellant
lant from being pumped into the gun chamber and 35 vaive.
which also prevents the gun module from being dis- 8. A liquid propellant gun of the kind in which liquid
abled if a projectile is not loaded; propellant is burned in a combustion chamber to fire a

f. A piston and rod assembly that senses that firing has projectile from the gun and comprising,
occurred and that uses the gas pressure generated to a bolt mounted for axial movement between a rear-
pump high pressure hydraulic fluid back into the 40 ward, projectile loading position and a forward,
supply system to make up the energy expended dur- projectile firing position, and
ing the bolt forward stroke. This same piston and rod drive assembly neans for reciprocating the bolt be-
assembly operates the disable cam; tween the rearward and forward positions, said

g. A ball locking device to lock the bolt in its most drive assembly means including an outer case and
rearward or bolt open position when the gun is not 45 fluid pressurizing means for conducting high pres-
firing; and sure fluid to the interior of the case and directly

h. A harmonic drive gear mechanism to provide power against the back surfaces of the bolt to drive the
to the projectile feed system. bolt forward by the forces produced by the high
While we have illustrated and described the preferred pressure fluid acting on the rear surfaces of the bolt

embodiments of our invention, it is to be understood 50 within the outer case and including an accumulator
that these are capable of variation and modification, and operatively associated with the sequence valve for
we therefore do not wish to be limited to the precise storing high pressure fluid at the pressure of said
details set forth, but desire to avail ourselves of such source of high pressure fluid after the sequence
changes and alterations as fall within the purview of the valve has closed off the source of said high pres-
following claims. 55 sure fluid from the accumulator and the liquid

We claim: propellant gun.
1. A liquid propellant gun of the kind in which liquid 9. The invention defined in claim 8 including gas

propellant is burned in a combustion chamber to fire a operated pumping means powered by the gases pro-
projectile from the gun nd comprising, duced by the finng of the projectile and operatively

a bolt mounted for axial movement between a rear- 0 associated with the sequence valve means and the accu-
ward, projectile loading position and a forward, mulator for making up dunng the rearward movement
prolectile tiring position, and of the bolt energy losses from said fluid pressure in-

drive assembly means tor reciprocating the bolt be- curred dunng the forward movement of the bolt and
tween the rearward and forward positions, said the loading of the projectile during each cycle of cpera-
drive assembly means including drive mechanism 65 tion of the gun.
for driving the gun and an outer case constructed 10. A liquid propellant gun of the kind in which liquid
to provide a sealed enclosure about the bolt and the propellant is burned in a combustion chamber to fire a
drive mechanism and projectile from the gun and comprising,

l Ilim~ i im i t m~glmmiia ~ l'~il~mim l l
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a bolt mounted for axial movement between a rear- tion of the control cam and including a timing cam

ward, projectile loading position and a forward, operatively associated with the main and the control
projectile firing position, and cam for synchronizing the entry of the bolt cam fol-

drive assembly means for reciprocating the bolt be- lower into the forward groove of the main cam.
tween the rearward and forward positions, said 5 20. The invention defined in claim 18 including a pin
drive assembly means including an outer case and cam operatively associated with the control cam for
fluid pressurizing means for conducting high pres- controlling the injection of propellant into the gun.
sure fluid to the interior of the case and directly 21. The invention defined in claim 20 including a
against the back surfaces of the bolt to drive the propellant inlet valve and wherein the pin cam includes
bolt forward by the forces produced by the high 10 a pin operatively associated with the propellant inlet
pressure fluid acting on the rear surface- -( the bolt valve for holding the propellant inlet valve open for the
within the outer case and wherein the ,ive assem- amount of time required to fill the firing chamber of the
bly means include a main cam mounted for rotation gun with liquid propellant.
within the outer case and operatively associated 22. A liquid propellant gun of the kind in which liquid
with the bolt during the forward and rearward 15 propellant is burned in a combustion chamber to fire a
reciprocation of the bolt. rein the projectile from the gun and comprising,

11. The invention defned in claim 10 whern a bolt mounted for axial movement between a rear-bolt includes a cam follower engaged with the main ward, projectile loading position and a forward,
cam, the main cam extends parallel to the bolt and has a projectile firing position, and
forward cam groove which receives the bolt cam fol- 20 drive assembly means for reciprocating the bolt be-
lower during forward motion of the bolt and wherein tween the rearward and forward positions, said
the forward cam groove has an angular inclination drive assembly means including an outer case and
which causes the cam follower to engage a side of the fluid pressurizing means for conducting high pres-
forward cam groove near the end of the forward mo- sure fluid to the interior of the case and directly
tion of the bolt both to decelerate the forward motion of 25 st the intes of the bolt to dive the
the bolt and at the same time to store energy from the against the back surfaces of the bolt to drive the
decelerating bolt into the main cam and other structure
mounted for rotation with the main cam by converting pressure fluid acting on the rear surfaces of the bolt

,.,- the deceleration of the axial motion of the bolt into within the outer case and including gas operated
acceleration of the rotary motion of the main cam. motor means powered by the gases produced upon

12. The invention defined in claim 11 wherein the fring of a projectile from the gun and including a
main cam includes a return groove which receives the movable piston powered by said gases to provide a
bolt cam follower during rearward motion of the bolt plurality of functions.
and wherein the angular inclination of the return cam 23. The invention defined in claim 22 wherein the
groove causes a side of the return cam groove to engage 35 piston pumps hydraulic fluid to make up on the return
the cam follower to drive the bolt rearward by the stroke of the bolt fluid pressure and energy losses in-

R. rotary motion of the main cam only during the firt part curred during forward movement of the bolt during
of the rearward movement of the bolt. each cycle of operation of the gun.

13. The invention defined in claim 10 including pro- 24. The invention defined in claim 22 wherein the gun
jectile feed mechanism means for feeding projectiles to 40 includes an external hydraulic circuit and a control
the gun and gear means connecting the projectile feed valve for controlling the supply of the fluid pressure to
means to the main cam for drive from the rotation of the the drive assembly and wherein the piston is operatively
ma i n cam. associated with the control valve to operate the control

14. The invention defined in claim 13 wherein the valve on each firing cycle of the gun.
gear means include harmonic drive gear reduction gear- 45 25. The invention defined in claim 22 including mis-
ing for driving the projectile feed mechanism at a much fire detection means and wherein the piston operates the
slower speed than the speed of rotation of the main cam. misfire detection means to disable the gun module in the

15. The invention defined in claim 13 including a event of a misfire.
hydraulic motor connected to drive the main cam. 26. A liquid propellant gun of the kind in which liquid

16. The invention defined in claim 15 including an 50 propellant is burned in a combustion chamber to fire a
overrunning clutch in the drive connection between the projectile from the gun and comprising,
hydraulic motor and the main cam so that the main cam a bolt mounted for axial movement between a rear-
can rotate faster than the speed of rotation of the hy- ward, projectile loading position and a forward,
draulic motor during certain parts of a cycle of opera- projectile firing position, and
tion of the gun. 55 drive assembly means for reciprocating the bolt be-

17. The invention defined in claim 10 wherein the tween the rearward and forward positions, said
barrel has bolt locking lugs and the bolt has mating drive assembly means including an outer case and
locking lugs and the bolt is mounted for limited rotation fluid pressurizing means for conducting high pres-
so that the bolt locking lugs engage the barrel locking sure fluid to the interior of the case and directly
lugs when the bolt is rotated to a locked position at the 60 against the back surfaces of the bolt to drive the
forward end of the stroke, bolt forward by the forces produced by the high

18. The invention defined in claim 17 including a pressure fluid acting on the rear surfaces of the bolt
control cam mounted for rotation within the outer case within the outer case and including a gun barrel
and engagable with the bolt cam follower for rotating having barrel locking lugs, bolt locking lugs on the
the bolt to an unlocked position after firing. 65 bolt, and torsion rod bolt locking means for rotat-

* 19. The invention defined in claim 18 including cam ing the bolt and bolt locking lugs into locking en-
drive means in the drive assembly means effective to gagement with the barrel locking lugs at the end of
rotate the main cam at a multiple of the speed of rota- the forward movement of the bolt.

'S
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27. A liquid propellant gun of the kind in which liquid projectile sensor means for opening the propellant
propellant is burned in a combustion chamber to fire a control valve only when the projectile enters the
projectile from the gun and comprising, gun,

a bolt mounted for axial movement between a rear- an operative connection between the bolt and the
ward, projectile loading position and a forward, 5 propellant control valve effective to open the con-
projectile firing position and mounted for rotary trol valve by the forward movement of the bolt,
provemetjbet ween afiockn position and mo d u- rand
movement between a locked position and an tn- ball lock means for retaining the bolt in a rearward,
locked position, locked position until the start of a firing cycle.

a barrel having barrel locking lugs, 10 31. A liquid propellant gun of the kind in which liquid
bolt locking lugs on the bolt, and propellant is burned in a combustion chamber to fire a
torsion rod bolt locking means for rotating the bolt projectile from the gun and comprising,

and the bolt locking lugs into locked engagement a bolt mounted for axial movement between a resr-
with the barrel locking lugs at the end of the for- ward, projectile loading position and a forwait,
ward movement of the bolt. 15 projectile firing position,

28. A liquid propellant gun of the kind in which liquid drive assembly means for reciprocating the bolt be-
propellant is burned in a combustion chamber to fire a tween the rearward and forward positions, said
projectile from the gun and comprising, drive assembly means including a main cam

a bolt mounted for axial movement between a rear- mounted for rotation and operatively associated
ward, projectile loading position and a forward, 20 with the bolt during the forward and rearward
projectile firing position, reciprocation of the bolt,

liquid propellant injection means for injecting a liquid a drive motor for rotating the main cam,
propellant into the combustion chamber, projectile feed means for feeding projectiles to the
saidliqdpropellant in ecbtion cmer gun, and

said liquid propellant injection means including a 25 harmonic drive means including harmonic drive
propellant control valve and propellant control gearing interconnecting the. main cam and the pro-
valve opening means attached to the propellant jectile feed mechanism for driving the projectile
control valve and mechanically engageable with feed mechanism in synchronism with the main cam
the bolt at a certain point in the forward travel of and effective to drive the projectile feed mecha- I
the bolt to physically move the propellant control 30 nism from the main cam at a large gear reduction

valve to an open position as the bolt travels to its ratio with a minimum of gear mechanism size, said
full forward position wherein the bolt is opera- harmonic drive gearing comprising a flexible exter-
tively associated with the propellant control valve nal gear, a fixed internal gear, and a rotatable ellip-
to open the propellant control valve by the for- tical cam engaged with the flexible external gear to
ward movement of the bolt. 35 cause the points at which the two gears are en-

29. A liquid propellant gun of the kind in which liquid gaged to rotate with the rotation of the elliptical
propellant is burned in a combustion chamber to fire a cam.
projectile from the gun and comprising, 32. A liquid propellant gun of the kind in which liquidpoctle m fpropellant is burned in a combustion chamber to fire a

a bolt mounted for axial movement between a rear- 40 projectile from the gun and comprising,
ward, projectile loading position and a forward, a bolt mounted for axial movement between a rear-
projectile firing position, ward, projectile loading position and a forward,

liquid propellant injection means for injecting a liquid projectile firing position and having a cam fol-
propellant into the combustion chamber, said liquid lower,
propellant injection means including a propellant 45 drive assembly means for reciprocating the bolt be-
control valve and bolt engaging means for moving tween the rearward and forward positions, said
the control valve to an open position when en- drive assembly means including a main cam having
gaged by the bolt, and forward and return cam grooves operatively asso-

wherein the projectile sensor means are operatively ciated with the bolt cam follower for providing
associated with the bolt engaging means for the 50 part of the drive to the bolt during certain parts of
propellant control valve to open the propellant a cycle of operation and for receiving driving mo-
control valve only when a projectile has actually tion from and for storing energy from the bolt
entered the gun. during other parts of a cycle of operation,

30. A liquid propellant gun of the kind in which liquid a separate control cam for controlling certain events
propellant is burned in a combustion chamber to fire a 55 in a cycle of operation of the gun,

projectile from the gun and comprising, drive means operatively associated with the drive
cam and the control cam for rotating the drive cama bolt mounted for axial movement between a rear- at a multiple of the speed of rotation of the control

ward, projectile loading position and a forward, cam, and
projectile firing position, 60 a timing cam operatively associated with the main

liquid propellant injection means for injecting a liquid cam and control cam for synchronizing entry of
propellant into the combustion chamber, the bolt cam follower into the groove of the main

said liquid propellant injection means including a cam at the proper times in each cycle of operation
propellant control valve which must be open to of the gun.
inject propellant into the combustion chamber, 65 * 5

I
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United States Patent [] [1] 4,164,889
Elmore et al. [45 Aug. 21, 1979

(54] LIQUID PROPELLANT MODULAR GUN is constructed for wide latitude in gun cluster configura-
INCORPORATING DUAL CAM OPERATION tion.
AND INTERNAL WATER COOLING The modular gun has a stationary barrel and is exter-

[75] Inventors: Lester C. Elmere, Portola Valley, nally driven and cam operated by a drive cam and a
Calif.; Thomas M. Broxholm, control cam.
deceased, late of Palo Alto, Calif., by The drive cam has one internal spiral cam track for
Anne K. Broxholim, administratrix driving the bolt forward to a projectile firing position

[73] Assignee: Pulsepower Systems, loc., San and another internal spiral cam track for driving the
Carlos, Calif. bolt rearward to a projctile loading position.

[21] Appl. No.: 834,336 The control cam is mounted for rotation at the forward
end of the drive cam and controls the injection of liquid

[22] Filed: Sep. 19, 1977 propellant into the combustion chamber and an electri-

Related US. Applicatia Data cal igniter.

A water injection mechanism is also associated with the
[62) Division of Ser. No. 616,822 Sep. 25, 1975, Pat. No. control cam for injecting a small amount of water into

4,062,266. the combustion chamber aft.r the firing of each round

- [51] Int. C1. ................ F41F 1/04 to cool the combustion chamber structure by internal
[52] U.S. C ............................................... 89/7; 89/11 water cooling. The water injection mechanism is also
[58] Field of Search ................................ 89/7, 11, 1 L effective to purge propellant from the combustion

[56] References Cited chamber in the event of a misfire.

U.S. PATENT DOCUMENTS The bolt is rotated to a locked position at the forward
end of its travel where locking lugs on the bolt are

3,800,657 4/1974 Broxholm et al .......................... 89/7 engaged with mating lugs on the barrel so that all

Primary Examiner-David H. Brown breach loads caused by chamber pressure are carried
Attorney, Agent, or Firm-Donald C. Feix through the barrel rather than the receiver. This per-

[57] ABSTRACT mits the receiver to be made quite light.

A liquid propellant modular gun has a slim profile and 3 Claims, 46 Drawing Fgures
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The problems of severe thermal loads and barrel

LIQUID PROPELLANT MODULAR GUN erosion also occur in drilling by cannon excavation. In
INCORPORATING DUAL CAM OPERATION AND cannon excavation the firing rate is relatively low but

INTERNAL WATER COOLING the duty cycle is sustained for long periods of time, and
5 this produces severe thermal loads on the barrel.

This application is a division of parent application It is one important object of the present invention to
Ser. No. 616,822 filed Sept. 25, 1975 and entitled "Liq- provide a more effective means for barrel cooling. This
uid Propellant Modular Gun Incorporating Dual Cam object is achieved in the present invention by internal
Operation and Internal Water Cooling" and claims the water cooling. The way in which the internal water -
benefit of the filing date of the parent application. 10 cooling is incorporated in a liquid propellant gun of the

present invention also permits the mechanism for inject-
BACKGROUND OF THE INVENTION ing the water for cooling to be used as a water purge

This invention relates to a liquid propellant gun of the system for purging the combustion chamber of liquid
kind in which liquid propellant is burned in a combus- propellant in the event of a misfire, and this system and
tion chamber to fire a projectile from the gun. It relates is mode of operation constitutes another, specific object of
particularly to a cam operated, externally driven, liquid the present invention. The internal water cooling sys-
propellant gun having a slim profile so that a plurality of tem will be reviewed in more detail bew in the Sum-
single barrel gun modules can be conveniently clustered mary of the Invention and in the Detailed Description
in a variety of configurations. The present invention of the Preferred Embodiments of the present invention.
also relates particularly to an internal water cooling 20 At this point the applicants would like to point out that,
arrangement which injects a small quantity of water because the water does impinge directly on the heated
into the combustion chamber for cooling by internal gun bore surfaces in the present invention, high heat
vaporization after the firing of each round and which transfer rates are realized and the effectiveness of the
also serves to fill the combustion chamber with water internal water cooling permits significant increase in
and to purge propellant from the combustion chamber 25 burst length and frequency in automatic guns. It also
in the event of a misfire. permits a significant increase in length of the duty cycle

The present invention has particular utility for high in such applications as drilling by cannon excavation.
performance, high rate of fire guns in the 20 to 35 mm There are a number of recognized technical objec-
size. The present invention is not, however, limited to tives for high performance guns. In general, these in-
guns of this size. 30 clude: (1) increased velocity and rate of fire; (2) lower

The existing weapons used by the armed services use gun and ammunition weight; (3) improved interior and
solid propellant cartridges. These existing weapons exterior ballistic performance; (4) decreased erosicn,
carry the solid propellant in cases, and the cases form a flash and smoke; (5) reduced recoil loads; (6) elimina-
substantial part of the overall weight and overall size of tion of cases, links and sabots; (7) improved reliability
the cartridge. This in itself imposes serious drawbacks 35 and safety; and (8) versatility-application to a wide
and limitations on the installation and use of such weap- range or requirements.
ons, because the projectile feed mechanism and related In addition to these general improvements, the fol-
storage facilities must be large enough and strong lowing characteristics are recognized as being factors
enough to store and transport not only the projectile lacking in the prior art and needed to enhance the appli-
itself but also the related solid propellant and case. 40 cability of future gun systems as compared to the prior

Solid propellants have a further inherent disadvan- art: (1) a gun of minimum cross section to assure maxi-
tage because of the fact that solid propellants character- mum ve -satility of installation on shipboard, vehicle and
istically develop a high peak temperature. In many gun aircraft mounts; (2) an envelope that will assure retrofit
installations it is necessary to fire long bursts in multiple capability of single or multibarrel high performance 30
engagements. Such projected firing schedules produce 45 or 35 mm liquid propellant guns in existing 20 mm in-
severe thermal loads on the gun and often cause barrel stallations; (3) a mechanism design capable of employ-
errosion with the existing solid propellant weapons. ing high density, low drag projectiles currently in the

Automatic guns used in antiaircraft roles are a good. inventory or in an advanced stage of development; (4)
example of guns subjected to severe firing 4chedules. at the 30/35 mm scale-utilization of existing projectile
Long bursts are needed to achieve high cumulative kill 50 designs (with only minor modifications) to eliminate
probabilities. These gun systems must also engage mul- immediate requirements for development of new pro-
tiple targets in rapid succession with little or no time jectiles, and muzzle velocities in excess of 4000 ft. per
between bursts for adequate cooling. A severe barrel second employing high sectional density projectiles to
cooling problem results which is a primary factor in provide adequate standoff, short time of flight, and high
limiting system effectiveness. The reduced accuracy 55 projectile payload; (5) a gun mechanism construction
associated with premature barrel erosion can effectively adaptable to operation at higher muzzle velocities when
destroy gun capability during a single engagement. The adequate projectiles are available; (6) stationary barrel
alternative is to increase the number of available mounts construction with rotating cam feed mechanism to pro-
to achieve an acceptable firing schedule. This results in vide significant reduction in gun drive power require-
additional weight, complexity, cost and maintenance 60 ments and quicker acceleration to full firing rate; (7)
problems, and is therefore an unacceptable solution. simplified gun harmonization at all firing rates by elimi-

The problem has long been recognized in high per- nation of tangential projectile velocity components
formance, gun installations such as the U.S. Navy 40 associated with rotating barrel systems.
mm Bofors automatic gun and the Oto Melara 76/62. In A further requirement which has been placed on gun
both cases a classic approach to barrel cooling has been 65 development in guns of this size range is that the gun
taken. i.e. water jacketing of the exterior barrel surface. must be applicable across the board to sea, air and
However, even with exterior water jacketing, the heat ground needs for the three services. These include (but
transfer rate may be too limited for some applications. are not limited to) small craft point defense, landing

I I' -
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craft armament, retrofit of existing fixed wing aircraft The gun incorporates two cams, a drive cam and a
and antiaircraft and antivehicle ground applications control cam.
where rate of fire and configuration constraints vary The drive cam reciprocates the bolt back and forth
widely. Some missions require single barrel guns with between a rearward, projectile loading position and a
relatively low, adjustable rates of fire (0 to 1000 rpm). 5 forward, projectile firing position. The drive cam is a
Others involve multibarrel installations at intermediate hollow cylindrical member having two spiral cam
rates of fire (2000 to 3000 rpm), and finally there are tracks formed on the inside of the drive cam. The first
those which require very high rates of fire (4000 to 6000 spiral cam track engages a cam follower on the bolt to
rpm). It can be seen that this range of rate of fire indi- drive the bolt forward, and the other spiral cam track
cates that automatic guns are needed from one to eight 10 engages the cam follower to drive the bolt rearward as
barrels, the drive cam is rotated about the axis of reciprocation

Liquid propellant guns have a characteristic low peak of the bolt.
temperature. Because a liquid propellant will ignite in The control cam is located at the front end of the
the bulk mode, it can be ignited, as by an electrical spark drive cam, and the control cam is also an annular mem-
device immersed in the liquid propellant, without the 13 ber which is rotated about the axis of the bolt. The
need to vaporize the propellant prior to ignition. Liquid control cam controls the injection of the liquid propel-
propellants are high energy density liquids and can be lant into the combustion chamber and also controls the
burned in discrete pulses to produce high combustion igniter for igniting the propellant.
pressures. Pulsed burning of a liquid propellant can The drive cam is rotated faster than the control cam
produce combustion pressures in the range of 10,000 to 20 and has dwell or rest areas at each end of the drive cam
80,000 psi and even higher. The magnitude of the aver- to provide the time intervals for the projectile loading
age combustion pressure in such pulsed burning can be at one end and the propellant injection and firing at the
controlled by the amount of expansion permitted. other end of the bolt's reciprocation.
Higher average combustion pressures can be produced 2 The drive cam rotates the bolt in one direction at the
by permitting less expansion. 25 end of its forward travel to lock the bolt to the barrel,

The liquid propellant gun can produce a flatter com- and the control cam rotates the bolt in the opposite
bustion chamber pressure-time characteristic than a direction after fCuing to unlock the bolt from the barrel.
solid propellant gun. Hence, performance equivalent to The axial sliding movement of the reciprocating bolt
a solid propellant gun can be obtained at lower pressure. 30 is guided by lugs on the bolt which interfit in slots in the
High cyclic rates of fire are possible with a liquid pro- barrel extension or receiver of the gun.
pellant gun. Because the propellant is a liquid, the pro- The cam follower of the bolt is mounted for a limited
pellant can be easily pumped to the firing chamber from amount of radial movement with respect to the bolt to
a storage area remote from the gun itself. This permits accomodate, by outward movement, the bolt rotation
flexibility of installation. Because the cartridge feeding 35 required to lock the bolt and, by inward movement, the
system of the liquid propellant gun carries only the required dwell at the forward end of the bolt travel.
projectile itself, the projectile feed system can be simpli- The barrel extension has a cam surface that coacts with
fled and can be made considerably lighter in weight the cam follower and a dwell area at the forward end of
than for a conventional gun. Or, a considerably larger the drive cam to provide the required dwell in this part
projectile size and weight can be used for higher perfor- 40 of the cycle of operation of the gun. The control cam
mance without having to increase the size of the projec- unlocks the bolt and returns the cam follower to the
tile feed mechanism. This is especially important in rearward, spiral drive cam track at the proper time.
permitting larger bore liquid propellant guns to be in- The drive cam and the control cam are driven in
corporated in retrofit installations as replacements for synchronism by interconnected gearing, and the drive
existing smaller bore solid propellant guns. 45 cams of adjacent gun modules are interconnected by

Liquid propellant guns also permit slim profiles idler gears for transferring drive from one module to the
which provide desirable configuration versatility. Be- next.
cause the liquid propellant gun permits a low profile, The gun of the present invention incorporates a water
clean exterior design, an individual liquid propellant cooling arrangement in which the control cam causes a
gun module or a modular grouping of liquid propellant 50 small amount of water to be injected into the combus-
gun modules can be installed in locations that would not tion chamber after the firing of each round. The in-
accomodate a conventional gun. jected water is vaporized and converted to steam as it

It is another important object of the present invention contacts the hot combustion chamber structure, and this
to incorporate 'he inherent advantages of a liquid pro- produces a highly effective cooling of the combustion
pellant gun in a modular gun of the kind incorporating 5s chamber structure.
a drive cam and a control cam. The water cooling valving is interconnected with the

valving for the propellant injection in a manner such
SUMMARY OF THE INVENTION that the combustion chamber can be completely filled

The liquid propellant gun of the present invention is with water to purge the combustion chamber of propel-
a cam operated, externally driven gun constructed in 6o lant in the event of a misfire.
modular form. It has a slim profile, and the operational The gun incorporates misfire detectkoa means which
features of the gun are arranged so that the gun can be coact with the control cam to completely disengage the
readily incorporated in a variety of modular clusters, control cam from the drive so that operation of the gun
such as flat pack groupings and circular groupings. module is stopped in the event of a misfire.

The gun barrel is stationary and all combustion char - 65 Liquid propellant gun apparatus and methods which
i ber pressure loads on the bolt are carried through the incorporate the structure and techniques described

barrel rather than being carried through the receiver above and which are effective to function as described
with the result that the receiver can be made quite light, above constitute specific objects of this invention.
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Other objects, advantages and features of our inven- line and in the direction indicated by the arrows 29-29

tion will become apparent from the following detailed in FIG. 19. FIG. 29 shows the recess in the control cam
description of preferred embodiments taken with the for the control of the propellant injection, the projec-
accompanying drawings. tion on the control cam for the water injection and a

S projection on the control cam for controlling the opera-
BRIEF DESCRIPTION OF THE DRAWINGS tion of the igniter;
FIG. I is an isometric view of a liquid propellant gun FIG. 30 is a fragmentary enlarged plan view taken

module constructed in accordance with one embodi- generally along the line and in the direction indicated
ment of the present invention; by the arrows 30-40 in FIG. 29;

FIG. 2 is an isometric view showing three of the gun 10 FIG. 31 is a top plan view showing five gun modules
modules of FIG. 1 grouped in a flat pack cluster; assembled in a flat pack cluster together with a drive

FIG. 3 is an isometric view showing three of the gun motor for the gun modules and the projectile feed sys-
modules of FIG. 1 grouped in a circular cluster; tem;

FIG. 4 is a side elevation view of the gun module FIG. 32 is an end elevational view taken generally
shown in FIG. 1; 15 along the line and in the direction indicated by the

FIG. 5 is an enlarged top plan view of the gun mod- arrows 32-32 in FIG. 31. FIG. 32 shows the feeding of
ule taken along the line and in the direction indicated by specific projectiles in the endless conveyor belt to re-
the arrows 5-5 in FIG. 4. In FIG. 5 some parts are lated gun modules;
partly broken away to show details of construction and FIG. 33 is an end elevation view like FIG. 32 but
FIG. So is a continuation of the left hand end of FIG. 5; 20 showing the projectile feed system for three gun mod-

FIG. 6 is a side elevation view in cross section taken ules assembled in a circular cluster;
generally along the line and in the direction taken by FIGS. 34-39 illustrate different cluster configurations
arrows 6-6 in FIG. 5 and FIG. Si. FIG. 6a is a contin- for the modular gun of the present invention and illus-
uation of the left hand end of FIG. 6. The cam follower trate how projectile feed systems are associated with
64 is shown rotated 30" in FIG. 6 for better illustrating 25 these different cluster configurations;
its operation. See FIG. 13 for the true position of this FIG. 40 is a plan view showing a size comparison for
cam follower; high performance 30 mm liquid and solid propellant

FIGS. 7-14 are end elevation views in cross section rounds of ammunition and also illustrates the relative
taken along the lines and in the directions indicated by feed chute sizes required;
the correspondingly numbered arrows in FIG. 6; 30 FIG. 41 is a top plan view showing a size comparison

FIG. 15 is an end elevation view taken along the line of a 30 mm liquid propellant projectile, a conventional
and in the direction indicated by the arrows 15-15 in solid propellant 20 mm round for an M61 Vulcan gun
FIG. 4; and a conventional solid propellant round for a 30 mm

FIGS. 16-21 are isometric views showing the dispo- Hispan Suiza round type 831 L. FIG. 41 illustrates how
sition of certain parts of the gun in the various phases of 35 a 30 mm liquid propellant round is approximately the
operation indicated by the legends in these figures; same overall length as a conventional solid propellant

FIG. 22 is a fragmentary, enlarged view of the part of 20 mm round and how it is therefore capable of being
the structure shown encircled by the arrows 22-22 of substituted in conventional projectile feed systems for
FIG. 6. In FIG. 22 as in FIG. 6, the cam follower is sm.'!er 20 mm solid propellant rounds with a minimum
shown rotated 30" from its actual position illustrated in 40 of retrofit modifications;
FIG. 13; FIG. 42 is a fragmentary and elevation view showing

FIG. 23 is a fragmentary, enlarged end elevation details of the misfire switch and control cam shifting
view taken along the line and in the direction indicated lug;
by the arrows 23-23 in FIG. 22, but with the cam FIG. 43 is a fragmentary side elevation view taken
follower at the actual inclination illustrated in FIG. 13; 45 along the line and in the direction indicated by the

FIG. 24 is a fragmentary, enlarged end elevation arrows 43--43 in FIG. 42;
view taken along the line and in the direction indicated FIG. 44 is a schematic view of a pressure sensing
by the arrows 24-24 in FIG. 22 showing the cam fol- interlock system for stopping operation of a gun module
lower 64 in the unlocked position in phantom outline in the event of a drop in propellant feed pressure.
and in a locked position in bold outline; 5s DESCRIPTION OF THE PREFERRED

FIG. 25 is a fragmentary, enlarged bottom plan view EMBODIMENTS
taken along the line and in the direction indicated by the
arrows 25-25 in FIG. 23; A liquid propellant gun module constructed in accor-

FIG. 26 is a fragmentary enlarged side elevation view dance with one embodiment of the present invention is
taken along the line and in the direction indicated by the 55 indicated generally by the reference numeral 50 in
arrows 26-26 in FIG. S. FIG. 26 shows the positions of FIGS. 1, 4, 5, 6 and 16 through 21.
the water injection and the propellant injection control The gun module 50 includes a barrel 52, a combustion
valves during firing of the gun; chamber 54, a bolt 56, a barrel extension or receiver 58,

FIG. 27 is a fragmentary enlarged side elevation view a drive cam 60, a control cam 62, a cam follower 64, a
like FIG. 26 but showing the positions of the water 60 projectile loading mechanism 66 for loading projectiles
injection and propellant injection control valves during from a projectile feeding mechanism 68, a drive mecha-
propellant loading; nism 70, propellant injection means 72, water coolant

FIG. 28 is a view like FIGS. 26 and 27 but showing and purge means 73, a bolt sear 74, an igniter 76. misfire
the positions of the water injection and propellant injec- detection means 73 and a misfire switch 30, all as indi-
tion control valves during either the combustion chain- 65 cated generally by these reference numerals in FIGS. 5
ber cooling or the emergency purge operations; and 6 and in other FIGS. of the drawings.

FIG. 29 is a fragmentary, enlarged view of the front The gun module 50 illustrated in the drawings uses a
face of the control cam and is taken generally along the liquid monopropellant (i.e. a liquid propellant that con-

'I
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rains both a fuel and an oxidizer) in the combustion The forwardly extending arm of the projectile load.
chamber 54 for firing a projectile 84. It should be noted, ing lever 138 has a lower end 142 which is positioned
however, that many of the features of the present inen- over an upper recess I4 in a spring clip carrier 146 for
tion are not limited to a modular gun or to a gun using a projectile 84. This projectile is aligned with the upper
a monopropellant, as will become more apparent from 5 end of a projectile receiving passageway 148 in the
the description to follow, barrel extension 58 (see FIGS. 10 and 11).

The bolt 56 is reciprocable back and forth between a Engagement of the bolt extension 100 with the rod
rearward, projectile loading position (see FIG. 16) and 122 moves the lower end of the actuator lever 130 about
a forward, projectile firing position (see FIGS. 18, 19 the pivot provided by the connection to the spring 136
and 20). 10 to shift the rod 132 forward. This pivots the bellcrank

The bolt is guided in this reciprocating movement by 138 about the pivot 141 and snaps a projectile 84 out of
lugs 86 (see FIG. 17 and FIG. 9) which slide within the spring clip carrier 146 of the endless conveyor belt
guide slots 88 (see FIGS. 19 and 11) in the barrel exten- 149 (see FIG. 32) of the projectile feed mechanism 68.
sion 58 and guide slots 90 (see FIG. 18 and FIG. 10) The projectile drops into the passageway 148 and
extending through locking lugs 92 at the rear end of the 15 into the bore in the barrel extension in front of the bolt
barrel 52. 56. Forward movement of the bolt 56 then pushes the

The igniter 76 is located in the front face of the bolt projectile up into the barrel 54, and the projectile 84 is
56 and comprises an electrode 91 (see FIG. 6 and FIG. then pumped forward (to the position illustrated in
11) which is energized when a cam follower (not illus- FIG. 6) against the forcing cone 150 by the liquid pro-
trated) is displaced by a projection 94 on a forward 20 pellant injected into the combustion chamber. This will
control face 96 of the control cam 62 (see FIGS. 29 and be described in greater detail below.
30). Energization of the electrode 91 produces electrical The barrel 52 is connected to the barrel extension 58
energy which ignites the liquid propellant in the com- by cap screws 152 (see FIG. 6).

M" tbustion chamber 54 to fire the projectile 84 out of the A cam cover 154 is connected to the barrel extension
barrel 52. Ignition can also be accomplished by coin- 25 58 by cap screws 156 as also shown in FIG. 6.
pression ignition or by injecting a chemical into the The drive cam 60 has two internal, spiral shaped, cam
propellant. paths 160 and 162 which are engageable with the cam

The forward face of the bolt 56 has a seal 96 as best follower 64 for reciprocating the bolt 56 forward and
illustrated in FIG. 6. backward during operation of the gun. The spiral cam

The rear end of the bolt 56 has a bolt extension 100 30 track 160 drives the bolt 56 forward, and the spiral cam
which coacts with the projectile loading mechanism 68 track 162 drives the bolt 56 rearward.
to snap a proiectile out of a spring clip carrier in the The drive cam 60 is axially elongated so that the cam
projectile feed mechanism 66 (in a way to be described angles are not too high, and the drive cam is rotated
in more detail below) when the bolt is moved to the faster than the control cam 62.
rearward, projectile loading position. 35 As best shown in FIGS. 1-3 and 31, the drive system

The bolt extension 100 also has a detent 102 which is 70 includes a drive motor 164. The drive motor 164
engaged by the pawl of the sear 74 to hold the bolt in rotates an idler gear 166, and the idler gear 166 is en-

£ the rearward position when the gun trigger is off and a gaged with a gear 168 formed on the outer diameter of
sear solenoid 104 is deenergized. the drive cam 60 at the rear end of the drive cam 60.

A sear actuating rod 106 is connected to the rear 40 FIG. 15 illustrates how this same idler gear 166 is
solonoid 104 and has a slot 108 (see FIG. 6). A pin 110 used to transfer the drive from one module to an adja-
rides in the slot 108 at the lower end of the pivot arm cent module ;n a cluster arrangement.
and is connected at the lower end of the pivot arm 112 The drive to the control cam 62 is provided by a jack
of the sear 74. The arm 112 pivots about a sear pivot 114 shaft take off gear 170, a jack shaft 172, a jack shaft
which straddles the spring cavity. As illustrated in FIG. 45 pinion gear 174, an idler gear 176 and a gear 178 formed
6, a spring 116 normally biases the sear pawl 74 toward on the outer diameter of the control cam 62 (as best
a bolt retaining position, but energization of the sear illustrated in FIGS. 6 and 16 through 21). The control 2
solonoid 104 rotates the pawl 74 downward to the bolt cam 62 is therefore rotated in a direction opposite from
releasing position (best illustrated in FIG. 21). that of the drive cam 60, as indicated by the arrows in

The end face 118 of the bolt extension 100 is eifgage- 50 FIG. 17.
able with a face 120 of a spring backed part 124 which In a particular embodiment of the present invention
actuates the projectile loading mechanism 66. The back the gear ratios are such that the drive cam 60 is rotated
face of the part 124 provides a spring seat for one end of four times as fast as the control cam 62.
a bolt return spring 126. (See FIG. 6). The other end of The drive cam 60 is mounted for rotation on the
the bolt return spring 126 is seated against an inner face 55 barrel extension 58 by bearings 180 at the rear end of the
of a rear cover 128. drive cam and 181 at the forward end of the drive cam

The part 124 has an upwardly projecting flange 129 (see FIG. 6).
which is engageable with an actuator level 130 of the The control cam 62 is mounted for rotation on a
projectile loading mechanism 66. The upper end of the surface 182 of the barrel extension 58 and is normally
actuator lever 130 is connected to a push rod 132 by a 60 retained in a fixed axial position with respect to the
pin joint connection 134, and a spring 136 maintains the barrel extension 58 by two radially projecting cam lobes
lower end of the actuator lever 130 in engagement with 184 on the outer periphery of the control cam 62 (see
the upwardly extending flange 129. FIG. 12). The lobes 184 travel in an annular groove 186

The front end of the push rod 132 is connected to a in the barrel extension 58. In normal operation of the
bellcrank loading lever 138 by a pin joint connection 65 gun the lobes 184 travel in the groove 186 and the con-
140. The downwardly extending arm of the bellcrank trol cam 62 is maintained in the fixed axial position
projectile loading lever 138 is pivotally connected to illustrated in FIG. 6 with the gear 178 engaged with the
the barrel extension 58 by a loading lever pivot 141. gear 176. However, the barrel extension 58 has a re-
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4 lieved space 1U in front of the control cam which per- The drive cam 60 does, however, have a slot 200 (see
mits the control cam to be shifted axially forward and FIGS. 22 and 23) located at the forward, outlet end of
disengaged from the drive connection with the idler the forward cam track 160 so that the spring 196 (see
gear 176 in the event of & misfire. In this condition of FIG. 6) shoves the rear half of the cam follower 64
operation as illustrated in FIG. 43 and as will be de- 5 outward and into this slot 200 as soon as the forward
scribed in more detail below, the misfire switch 80 en- reciprocation of the bolt has been completed. The rota-
gages one of the cam lobes 134 to move the control cam tion of the drive cam 60 in the clockwise direction indi-
62 forward. The cam lobe that engages the misfire cated by the arrow in FIG. 17 then rotates the cam
switch is diverted into a dead end side track 187, and the follower and bolt 45" to the locking position illustrated
other lobe 184 enters a relieved area. 10 in FIG. 18.

As best illustrated in FIGS. 6 and 13, the cam fol- At the same time that the back half of the cam fol-
lower 64 is a cylindrical element at the outer end of a lower 64 moves into the slot 200, the front half of the
rod 190. The rod 190 is mounted for axial movement in cam follower 64 engages the large diameter surface 206
a radially extending bore 192 at the back end of the bolt (see FIG. 24) of the barrel extension 55. This surface
56. The underside of the bolt 56 has a recessed groove 15 206 has a ramp 206a which decreases in diameter, as the

194, and a leaf spring 196 is mounted in the groove 194 bolt is rotated 45" to the locked position, until the dian-

so as to engage the lower end of the rod 190. The spring eter is the same as that of the surface 208. This ramp

196 biases the cam follower radially outwardly and into 206a pushes the cam follower 64 downward from the

engagement with associated surfaces on the drive cam outwardly extended position shown in phantom outline

60 and, during part of the time that the bolt 56 is in its 20 in FIG. 24 to the retracted position shown in solid out-

forward projectile firing position, with associated large line in FIG. 24.

diameter surface 206 and smaller diameter surface 208 The surface 208 thereafter engages the top of the

on the barrel extension 58. See FIG. 24. This will be front half of the cam follower 64 to retain the cam

described in more detail below, follower 64 in the retracted position and within the

During forward driving movement of the bolt 56, the 25 groove 198 of the drive cam 60 until the firing of the
outer surface of the cam follower 64 is engaged with a projectile from the combustion chamber 54 has been
outrsurface of the cmforard r driing c a ed k 1. completed and the bolt 56 is ready to be rotated back
surface 199 of the forward driving cam track 160. See 45" to an unlocked position and then retracted to the
FIGS. 6, 17 and 22. During rearward driving of the bolt projectile loading position by engagement of the cam
56. the outer surface of the cam follower 6 is engaged 30 follower 64 within the rear drive cam track 162.
with a surface 197 of the spiral cam track 162. While the cam follower 64 is retained in the retracted

The drive cam 60 has dwell or rest areas pt the front position illustrated in FIG. 24 by the stationary engage-
and rear ends of the drive cam. The dwell areas provide ment of the cam follower 64 with the surface 208 at the
turnarounds at each end of the bi-directional drive cam. end of the ramp 206, the drive cam 60 is of course con-

The rear dwell area includes a surface 201 which is 35 tinuing to rotate with respect to the cam follower 64
bounded by a rear, radially inwardly extending flange with the back half of the cam follower 64 engaged in the
203 and a forward, inwardly extending flange 205. See relieved area of the recessed face 193. At the same time
FIG. 6. This dwell area at the rear of the drive cam the rear face 210 of the control cam 62 is rotating
holds the bolt 56 in a retracted position from the time counter clockwise with respect to the cam follower 64,
that the cam follower 64 leaves the return cam track 162 40 as illustrated by the arrows in FIGS. 18 and 19.
until the drive cam is rotated to a position in which an The rear face 210 of the control cam has a bolt un-
opening in the forward flange 205 permits the bolt re- locking and return wedge 212 projecting outwardly
turn spring 126 and part 124 to shove the cam follower from the rear face 210. As this wedge rotates into en-
64 into the forward drive cam track 160. gagement with the cam follower 64, it first of all rotates

In a particular embodiment of the present invention 45 the cam follower and bolt 45" counter clockwise (as
(having the 4 to I ratio of drive cam revolutions to viewed in FIG. 20) to unlock the bolt by aligning the
control cam revolutions for each cycle of operation as lugs 36 with the slots 90. Continued rotation of the
noted above), the cam follower 64 rests at the rear dwell control cam 62 then moves the cam follower 64 axially
area of turnaround for 0.6 turn of the drive cam 60. The to the rear and into the front inlet end of the rear dirve
forward drive spiral 160 moves the cam f6llower for- 50 cam track 162, as this end of the cam track 162 opens to
ward for 0.8 turn of the drive cam 60. The cam follower the front dwell area 198. Continued rotation of the drive
moves rearward for 0.8 turn of the drive cam and rests cam 60 then reciprocates the bolt 56 to a rearward,
at a forward dwell area for approximately 1.8 turns of projectile loading bolt position.
the drive cam 60. The gun 50 as illustrated in the drawings uses a liquid

When the bolt 56 reaches the forward end of its 55 monopropellant, i.e. a liquid propellant having both a
travel, it must be rotated 45" (as illustrated in FIG. 13) fuel and an oxidizer. Mixtures of hydrazine, hydrazine
to lock the lugs 86 on the bolt in front of the lugs 92 of nitrate and water are examples of monopropellants that
the barrel 52 (see FIG. 18). may be used. However, propellants developed for tor-

The construction of the forward end of the drive cam pedo application have physical, performance, handling
60 and related structure of the barrel extension 58 and 60 and safety characteristics that are well suited for use in
back face of the control cam 62 are best illustrated in the the present invention This is understood since torpedo
enlarged fragmentary view of FIG. 22. propellants must be compatible with the long duration,

As best illustrated in FIG. 22, when the cam follower closed environment of a submarine where adverse char-
64 leaves the forward end of the forward drive cam acteristics from the standpoint of toxicity, handling or
track 160. the back side of the cam follower 64 is posi- 65 safety are completely intolerable. The liquid propellant
tioned in a forward dwell area 19 so that continued is stored, either adjacent to the gun 50 or remotely, and
rotation of the drive cam 60 cannot produce any contin- is conducted to the propellant injection means 72 by a
ued forward movement of the bolt 56. flex conduit 216 as shown in FIGS. 18 and 19. The
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propellant supply pressure is supplied either by pump or projection 94 following the filling of the combustion
by an accumulator subsystem (not illustrated). The ac- chamber 54 with the liquid propellant.
cumulator is preferable from the standpoint of being A very important feature of the present invention is
effective in reducing pump volume requirements while the internal water cooling provided by the coolant in-
meeting the peak flow rates necessary for burst fire. The s jection means 73.
propellant supply system includes a pressure sensing The coolant injection means 73 inject a small quantity
interlock system (see FIG. 44) which senses the propel- of water directly into the firing chamber 54 between
lant pressure by means of a sensor and stops operation rounds. Since water impinges directly on the heated
of the complete group (row or cluster) of gun modules gun bore surfaces, high heat transfer rates are realized.
by closing a main propellant supply valve and stopping 10 The effectiveness of the internal water cooling permits
operation of the drive motor when the supply pressure a significant increase in burst length and frequency in

drops below an established level. This prevents incom- the case of an automatic gun fired at high cyclic rates

plete propellant filling, and permits a significant increase in the length of the

The porting and valving arrangement for controlling duty cycle of guns used at lower cyclic rates such as in

12 the injection of liquid propellant into the combustion 15 common excavation.

chamber 54 is best shown in FIGS. 5, 8, 18 and 26-28 of In a specific embodiment of the present invention

the drawings. water is used as the cooling liquid because it has a high

As best illustrated in FIG. 26, the sidewall of the heat of vaporization and is readily available. Other

barrel 52 has an axially extending bore 218 at one side of liquid coolants can of course be used, but the descrip-

the combustion chamber 54, and the propellant conduit 20 tion to follow will be directed specifically toward the

216 is connected with a port 200 at one end of the bore. use of water as the coolant liquid.

A port 222 connects the other end of the bore to drain. One embodiment of the valve structure for accom-

A spool valve 224 is mounted for axial movement plishing the internal water cooling is illustrated in
FIGS. 5 and 26-28. As illustrated in these drawings, thethe spool valve 224 is provided by a valve control rod 25 wall of the gun barrel 52 has an axially extending bore

226 whichvalve24 is connee d to th valve orol toe 236. A valve spool 238 is mounted for reciprocation
226 which is connected to the valve spool 224 at one within the bore, and the valve spool has seals 240 at
end. The other end of the rod 226 is engaged with the each end.
front face 96 (see FIG. 29) of the control cam 62 and A water inlet port 242 is connected to one end of the
acts as a cam follower. 30 bore 236 and a hose is attached to this port 242 to con-

A port 228 connects the axial bore 218 with the com- nect the port to a pressurized water supply system.
bustion chamber 54. A port 244 connects the bore 236 to the combustion

The valve spool 224 has annular seals 230 at each end chamber 54.
of the spool and the rod 226 is sealed by a seal 232 as The valve spool 238 is connected directly to the
illustrated in FIG. 26. 35 valve spool 224 through an extension of the rod 226 so

The cam face 96 of the control cam 62 is formed with that the water coolant valve spool 238 moves in unison
[ a recessed ramp 234 which controls the duration of the with the propellant injection valve spool 224.

time period for injection of the liquid propellant Seals 246 and 248 seal off the part of the rod 226
through the ports 220 and 228. The control rod 226 is extending between the bores 236 and 218.
biased (by the propellant supply pressure) to the right 40 In the firing position of the valve spools (as illustrated
(as viewed in FIG. 26) so that the cam follower end of in FIG. 26) the valve spool 236 blocks flow of water
the rod 226 is maintained in engagement with the face into the port 224 and flow of combustion gases out of
96 of the rotating control cam 62. the port 244.

In the firing position, the valve spool 224 is posi- Similarly, the water injection valve spool 238 is posi-
tioned by the control rod 226 to block off the port 228 45 tioned in the propellant loading position illustrated in
(as illustrated in FIG. 26). FIG. 27 to block flow through the port 244.

FIG. 27 illustrates the position of the valve spool 226 However, immediately after firing, the control cam
with respect to the port 228 when the recess 234 of the 62 rotates to a position in which a projection 250 shifts
control cam 62 has been rotated to a position in which tht zontrol rod 226 leftward (as viewed in FIG. 28) by
the control rod 226 first drops down into the recess 234. 50 an amount sufficient to open the port 244. This projec-
The valve spool 224 is shifted to the right in the bore tion 250 permits a short time period for the injection of
226 to open the port 228 for communication with the coolant water into the combustion chamber (through
port 220, and the liquid propellant flows into the com- the passageway provided by the ports 242, the bore 236
bustion chamber under the pressure of the propellant and the port 244) before the cam follower end of the
supply system. The pressure of the inflowing propellant 55 control rod 226 moves down off the projection 250 and
pumps the projectile 84 forward to the position illus- back onto the plane of the face 96. This small amount of
trated in FIG. 6a. The inclined ramp in the recess 234 water is vaporized by the hot wall structure of the com-
pushes the control rod 226 leftward and back to the bustion chamber and turned to steam. During this water
position illustrated in FIG. 26 as the cam follower end injection period, the port 228 may be maintained closed
of the control rod 226 returns to the plane of the front 60 by the land 224 or, depending on the size of the projec-
face 96 of the control cam 62. The amount of liquid tion 250, the port 228 may also be opened for venting of
propellant injected is therefore determined by the pres- gas and steam from the combustion chamber (through
sure of the propellant supply system and the length and the port 228 and the bore 218 and the vent port 222).
angular inclination of the recess 234. Thus, immediately after firing each round, the cool-

As illustrated in FIG. 29, the front face 96 of the 65 ant injection neans 73 are opened and a metered quan-
control cam 62 has a projection 94 which is engaged by tity of water is injected directly on the forward portion
a spring biased cam follower. The electrode 92 is ener. of the combustion chamber 54. The water spray is di-
gized as the igniter cam follower is actuated by the rected toward the combustion chamber surfaces of the

Imm lJm mmu mmmml ,ad rm a. ,.imdMhmmm,~ .da b m, ..
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gun. The quantity of water is metered to insure that q=rate of heat transfer B.t.u./hr.
virtually all of it is converted to steam. h=heat transfer coefficient B.t.u./hr. of ft2

The next projectile 84, in the process of being loaded A = area ft2

and pumped forward in the chamber, pushes any steam AT=temperature difference * F.
and water remaining in the chamber ahead of the pro- 5 For estimating the heat transfer rate, the following
jectile into the barrel. After firing, the residuals are assumptions are made:
forced out of the barrel by the projectile as it traverses (a) AT
the bore. Bore surface temperature rises of 1,200-1,400" F. in

If the distribution of the water vapor in the bore is one millisecond have been measured in liquid propellant
assumed to be the same as the normal products of com- 10 guns at the origin of rifling. Since rapid injection of
bustion of a liquid propellant, the weight of gas (vapor) cooling water immediately after firing is involved in the
being pushed out by the projectile is slightly less than present method, large average temperature differences
that for a conventional solid propellant round. This will exist during the cooling process. Here a conserva-
results from the somewhat lower molecular weight of tive AT of 500" F. is assumed.
liquid propellant combustion products and that of the N (b) Area
water vapor. The chamber bore surface area is 0.375 ft2. It is as-

The internal water cooling is optimized to inject no sumed that the injected cooling wat .- is effectively
more water than is vaporized. Hence, there is no pen- sprayed over an area at least equivalent to this, there-
alty for acceleration inert mass. The water injected is fore, the effective area is assumed to be 0.375 ft2.
controlled by the dwell of the surface 250 of the control 20 (c) Heat Transfer Coefficient
cam 62. Water sprayed against hot surfaces boils violently and

Heating and cooling of a gun barrel bore surface is is rapidly vaporized. Boiling heat transfer coefficients
highly transient. The analysis of the instantaneous heat are quite high. Coefficients of -300,000 B.t.u./hr.ft2" F.
transfer process is complex and methods for accurately are common. Here, the heat transfer coefficient conser-
determing the heat transfer coefficient controlling the 25 vatively is assumed to be 250,000 B.t.u./hr.ft2 " F.
process are not well established. However, the follow- Based on these considerations, the rate of heat transfer
ing example, based on average conditions, does illus- is estimated to be:
trated the effectiveness of the internal water cooling.

Considering a 35mm 4,000 ft/sec muzzle velocity
liquid propellant gun, the significant characteristics are: 30 q = (25o0 B.iu. ) (.365 ft) (500" F.) = 4.7. 07 B.t.u.

hr. ft2 
"F. hr.

Projectile Weight; 1.2 lb. r 10o B~t~uh

Muzzle Velocity; 4,000 ft/sec. or 1.3 x sec
Propellant Charge; I lb.
Projectile Muzzle Kinetic Energy; 298,000 ft.-lb. Since complete cooling per round requires removal of
Firing Rate; 750 rounds per minute 3 161 B.t.u. the required cooling time is:
Estimates of barrel heating per round arc calculated

using the criteria established by Cornerl where the heat 161 B.t.u. = 12.4 milliseconds
loss Q is: 1.3.10 4 BIttu.

sc

Q= X(Wi V ) 40
With a total cycle time per round of 80 milliseconds

Wi ="Effective" Mass of the projectile there is ample cooling time available.
V= Muzzle velocity The above example is idealized in that perfect distri-
X210.3 (maximum value) bution of the cooling water over the heated surfaces is

1
"Theory of the Interior Ballistics of Guns". J. Corner. Pg. 141 John 45 assured. While complete cooling is not usually attained

Wiley c son, in practice, a substantial portion of the heat imparted to
ForQ thecharatrists (of the635mm Bt . 0 s the gun is removed. This has a major impact on firing

LPG,schedule and gun system effctiveness.

Pun barrel cooling is accomplished byAdirect water FIG. 2 illustrates the disposition of the valve spools
injction on the inteor heated surfaces. As g n 238 and 224 in the event of a misfire, when it is desired
tial water temperature to be 70" F., the heat absorption to purge the combustion chamber 54 of all liquid pro-
capability of the injected water (including specific heat pellant within the combustion chamber. In this event,
and heat of vaporization) is approximately 1,110 the entire control cam 62 is shifted axially forward byB.t.u./lb. The quantity of water required for complete the misfire detection switch 80, and this shoves the
cooling after each round is then= 55 control rod 226 leftward to the position illustrated in

FIG. 28 where the valve spools 238 and 224 are held in
161 B1 u /round o bH20 the positions illustrated. The coolant water flows con-1110 D.t.u./bH 20 round tinuously into the combustion chamber through the

* coolant inlet port 244, fills the combustion chamber 54
In a rapid fire automatic weapon, the time available 60 completely with water, and purges out all of the liquid

for cooling between rounds is limited by heat transfer propellant through the port 228 and the vent 222.
rate. At a firing rate of 750 rounds per minute, the cycle A timing device, not illustrated, shuts off the flow of
time per round is 80 milliseconds. water through the hose 241 (see FIG. 7) after a period

The heat transfer rate can be estimated from the fol- of time sufficient to insure complete purging of the
lowing: 65 combustion chamber.

* As described above in this specification, the misfire
q hA4? switch 80 is controlled by the misfire detection means

78 (see FIG. 5).

SI
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The misfire detection means 78 include a gas piston The projectile feed mechanism 68 employs a short

252 mounted for reciprocation within a cylinder 254 endless conveyor 149 which is driven by a sprocket
and spring biased by a spring 256 rightward (as viewed drive 270 from the drive motor 164.
in FIG. 5) to the position illustrated in FIG. 5 where a As best illustrated in FIG. 32, the conveyor 140 mates
flange 258 engages a snapring stop 260. 5 with a transfer mechanism 272 to accept projectiles 84

A connecting rod 262 connects the gas piston 252 to from a conventional belt or linkless feed. The transfer
the misfire switch 80 so that the misfire switch 80 is mechanism 272 includes a shifting device which selects
normally spring biased to the position illustrated in from separate projectile supplies to switch types of
FIG. 5 in which the misfire switch 80 is axially aligned ammunition. The spring clip cradles 146 are the primary
with the lobes 184 on the control cam 62. 10 elements of the conveyor 149. The tangs on the ends of

A port 264 connects the bore of the barrel 52 with the the spring clip cradles slide in guide grooves in the
interior of the cylinder 254 at the back face of the gas conveyor frame. The cradles are coupled to form an
piston 252. endless, flexible chain.

A vent port 266 is located in the sidewall of the cylin- Two configurations of the conveyor 149 are illus-

U der to vent the interior of the cylinder 254 to atmo- 15 trated in FIGS. 31-32 and in FIG. 33. In FIGS. 31 and
sphere. 32 a flat conveyor passing over a banked row of mod-

As a projectile is fired from the gun, the pressurized ules is illustrated and in FIG. 33 a circular conveyor

gases behind the projectile flow through the port 264 to wrapping around a cluster of three modules is illus-

momentarily move the gas piston 252 forward (leftward trated.
as viewed in FIG. 5) within the cylinder 254. This pulls 20 The flat conveyor configuratoti shown in FIGS. 31

the misfire switch 80 forward and out of alignment with and 32 demonstrates the loading scheme of the present
the lobe 184 on the control cam long enough to let this invention which depends on a unique sequencing ar-

lobe rotate past the misfire switch without engaging the rangement. In FIG. 32 a banked row of five modules

misfire switch 80. served by the conveyor 149 are indicated by the refer-

However, if there is a misfire, the gas piston 252 25 ence numerals 1-5. The projectiles 84 move along the

remains stationary and the misfire switch 80 engages the conveyor from right to left and are numbered in groups

cam lobe 184 to divert the cam lobe into a dead side of five, e.g. (5,4, 3,2, 1), (10,9, 8, 7, 6), etc. The modules

track 187 (see FIG. 43 and FIG. 6) while the other cam are also numbered (5, 4, 3, 2, 1) and are loaded in the
sequence 1 through 5 and fire, of course, in the same

lobe 184 enters a relieved area. This moves the control 30 sequence. Center-to-center spacing of the projectiles in
cam 62 axially forward in the recess 188 (see FIG. 6) to the conveyor (1.75 in. for 30mm) is J the center-center
disengage the gear 178 from the idler gear 176, and the spacing of the modules (3.5 in. for 30mm).
rotation of the control cam 62 is stopped. Assume projectile 1 is at the loading position for

The timing of this action leaves the bolt 56 in a locked module 1. The loading lever on the module kicks the
position with the breach closed. 35 projectile out of the conveyor and into the module. The

In addition, as pointed out above, forward motion of 3 rjcieoto h ovyradit h oue h
conveyor travels 1.75 inches between loadings. Projec-w the control cam 62 pushes the propellant fill valve 224 tile 2 was 1.75 inches away from the loading position for

forward, exposing the combustion chamber fill port 228 module 2 at the start but has now arrived in position and
to the port 222 at the rear of the bore 218 to permit is loaded. Projectile 3 is now 1.75 inches away from the
purging of the liquid propellant from the combustion 40 module 3 and will arrive at the loading position on time.
chamber 54. At the same time the water inlet valve 238 The loading progresses until projectile 5 is loaded in
is moved forward to open the water injection port 244, module 5, this projectile having moved 7.0 inches while
and water is purged through the combustion chamber the other projectiles were loading. By the time projec-
54 to prevent cook off and to make the round inert, tile 5 has been loaded, projectiles 10, 9, 8, 7 and 6 have

The control cam disengagement disables that particu- 45 moved into positions occupied by projectiles 5, 4, 3, 2
lar gun module but it does not disable the drive cam and 1 at the start. The process continues in perfect time,
power train. Therefore, other modules in the banked with projectile 6 loading into module 1, projectile 7
row or cluster continue to operate and fire. Operation in loading into module 2, etc. This loading scheme applies
this limited condition can continue until servicing. gro- to any number of modules.
jectiles intended for loading but passing over the dis. 50 The circular conveyor for a cluster of three modules,
abled module are ejected at the end of the feed system shown in FIG. 33, uses the same loading scheme as
transfer region. described above. Since the conveyor is circular, the

If a projectile is missing at the feed system conveyor, cradles can take the form of pockets in a wheel-like
a mechanical interlock system leaves a retainer in the structure. A minimum of six cradles or pockets are
path of the propellant fill valve 224 to prevent the valve 55 needed to properly feed the cluster. Nine pockets are
from opening. As the module continues in a cycle of shown in FIG. 33 to reduce the rotational speed of the
operation, a pseudo misfire occurs, and the module is conveyor and the centrifugal force imposed on the
disabled as described above, projectiles, thus reducing the force that must be exerted

Since complete propellant filling depends on fluid by the projectile loading levers at the modules.
pressure in the propellant supply system with the mono- 60 Other cluster configurations as illustrated in FIGS.
propellant injection system described above, insuffi- 34-39 are readily arranged and serviced by the projec-
cicnt pressure of the propellant supply system could tile loading mechanism 68 as described above.
result in incomplete propellant filling. In the present The modular system of the present invention can
invention when the supply pressure inadvertently drops accomodate recoil adapters similar to those on the
below an established level, a pressure sensing interlock t5 M-61 gun to reduce recoil forces. A banked row or
system (see FIG. 44) stops operation of the complete cluster or modules can be supported mutually at the
group (row or cluster of modules). breach end of the barrels by a bracket structure that

The projectile feed system is best shown in FIG. 31. receives a pair (or more) of recoil adapters. An addi-

0
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tional bracket structure mutually supports the rear of cyclic means for automatically loading and firing
the modules and engages a short fixed slide to accomo- individual projectiles one-by-one in sequence so long as
date recoil travel. The latter bracket includes a provi- the gun is operated in a trigger on condition,
sion for boresighting. said cyclic means including a rotatable, mechanical

The impact of caseless operation on gun design is best 5 control element,
illustrated in FIG. 41 which compares a 30mam liquid misfire detection means for detecting a misfire of a

propellant modular gun projectile with a conventional projectile during the automatic firing mode of op-
eration and operatively associated with the cyclic

20mm round for the M-61 gun. Due to the similarity in means to stop operation of the cyclic means, after
length and diameter between the liquid propellant pro- 10 detection of a misfire, by moving the rotatable,
jectile and the solid propellant round, it is feasible to mechanical control element of the cyclic means out
directly substitute the 30mm projectile for the existing of operative engagement with the rest of the cyclic
20mm cartridge. Some modifications are, of course, means.
required due to slight differences in configuration but 2. The invention defined in claim I wherein the rotat-
the overall volume is substantially the same. 15 able, mechanical control element is a control cam and

FIG. 40 compares the diameters of a liquid propellant the misfire detection means move the control cam to a
modular gun projectile in a 30mm size with the car- position in which the control cam is disengaged from
tridge and projectile size for a conventional 30mam solid the rest of the cyclic means after the detection of a
propellant round. This figure graphically illustrates the misfire.
space and weight savings which can be achieved for the 20 3. A method of stopping automatic operation of a

projectile feed systems in the 30mm gun size with the liquid propellant gun of the kind having a cyclic mecha-

liquid propellant modular gun of the present invention. nism which includes a rotatable, mechanical control

While we have illustrated and described the preferred element for automatically loading and firing individual

embodiments of our invention, it is to be understood projectiles one-by-one in sequence so long as the gun is

that these are capable of variation and modification, and 25 operated in a trigger on condition, said method com-
prising,

we therefore do not wish to be limited to the precise detecting a misfire of a projectile during the auto-
details set forth, but desire to avail ourselves of such matic firing mode of operation, and
changes and alterations as fall within the purview of the stopping operation of the cyclic mechanism, after
following claims. 30 detection of the misfire, by moving the rotatable,

It is claimed: mechanical control element part of the cyclic
1. An automatic gun of the kind in which liquid pro- mechanism out of operative engagement with the

pellant is burned in a combustion chamber to fire a rest of the cyclic mechanism.
projectile from the gun and comprising, * *
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United States Patent p1] [11] 4,164,890
Elmore et al. [45] Aug. 21, 1979

[54] LIQUID PROPELLANT MODULAR GUN Attorney, Agent, or Firm-Donald C. Feix
INCORPORATING DUAL CAM OPERATION ABSTRACT
AND INTERNAL WATER COOLING(5]ATRC A liquid propellant modular gun has a slim profile and

[75] Inventors: Lester C. Elmore, Portola Valley, is constructed for wide latitude in gun cluster configura-
Calif.; Thomas M. Broxholm, tion.
deceased, late of Palo Alto, Calif., by
Anne K. Broxholm, administratrix The modular gun has a stationary barrel and is exter-

nally driven and cam operated by a drive cam and a
[73] Assignee: Pulsepower Systems, Inc., San control cam.

U Carlos, Calif. The drive cam has one internal spiral cam track for
(21] Appl. No.: 834,688 driving the bolt forward to a projectile firing position

and another internal spiral cam track for driving the
[22] Filed: Sep. 19, 1977 bolt rearward to a projectile loading position.

TApplication D The control cam is mounted for rotation at the forward
end of the drive cam and controls the injection of liquid

[62] Division of Ser. No. 616,822, Sep. 25, 1975. Pat. No. propellant into the combustion chamber and an electri-
-4,062,266. cal igniter.

[51] Int. Cl.2 .............. . . . . . . . . . . . . F41D 3/06; F41F I 1/00 A water injection mechanism is also associated with the
[52] US. Cl ............................................ 89/185; 89/7; control cam for injecting a small amount of water into

89/11 the combustion chamber after the firing of each round
[58] Field of Search .......................... 89/7, 11, 12, 185 to cool the combustion chamber structure by internal

water cooling. The water injection mechanism is also
[56] References Cited effective to purge propellant from the combustion

U.S. PATENT DOCUMENTS chamber in the event of a misfire.

3.071.043 1/1963 McThomas .............................. 89/12 The bolt is rotated to a locked position at the forward
3,241,448 3/1966 Rocha ................................. 89/9 UX end of its travel where locking lugs on the bolt are
3,648,561 3/1972 Stoner ...................................... 89/11 engaged with mating lugs on the barrel so that all
3,722.356 3/1973 Tassie et al .............................. 89/11 breach loads caused by chamber pressure are carried
3.800,657 4/1974 Broxholm et al .......................... 89/7 through the barrel rather than the receiver. This per-
3,868,884 3/1975 Rose et al ........................... 89/It mits the receiver to be made quite light.
4,011,790 3/1977 Folsom et al ...................... 89/172 X

Primary Examiner-David H. Brown S Claims, 44 Drawing Figures
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However, even with exterior water jacketing, the heat
LIQUID PROPELLANT MODULAR GUN transfer rate may be too limited for some applications.

INCORPORATING DUAL CAM OPERATION AND The problems of severe thermal loads and barrel
INTERNAL WATER COOLING erosion also occur in drilling by cannon excavation. In

5 cannon excavation the firing rate is relatively low but
This application is a division of parent application the duty cycle is sustained for long periods of time, and

Ser. No. 616,822 filed Sept. 25, 1975, now U.S. Pat. No. this produces severe thermal loads on the barrel.
4,062,266, and entitled "Liquid Propellant Modular It is one important object of the present invention to
Gun Incorporating Dual Cam Operation and Internal provide a more effective means for barrel cooling. This
Water Cooling" and claims the benefit of the filing date 10 object is achieved in the present invention by internal
of the parent application, water cooling. The way in which the internal water

cooling is incorporated in a liquid propellant gun of the
BACKGROUND OF THE INVENTION present invention also permits the mechanism for inject-

This invention relates to a liquid propellant gun of the ing the water for cooling to be used as a water purge
U kind in which liquid propellant is burned in a combus- 15 system for purging the combustion chamber of liquid

tion chamber to fire a projectile from the gun. It relates propellant in the event of a misfire, and this system and
particularly to a cam operated, externally driven, liquid mode of operation constitutes another, specific object of
propellant gun having a slim profile so that a plurality of the present invention. The internal water cooling sys-
single barrel gun modules can be conveniently clustered tem will be reviewed in more detail below in the Sum-
in a variety of configurations. The present invention 20 mary of the Invention and in the Detailed Description
also relates particularly to an internal water cooling of the Preferred Embodiments of the present invention.
arrangement which injects a small quantity of water At this point the applicants would like to point out that,

- into the combustion chamber for cooling by internal because the water does impinge directly on the heated
vaporization after the firing of each round and which gun bore surfaces in the present invention, high heat

25 transfer rates are realized and the effectiveness of the
also serves to fill the combustion chamber with water internal water cooling permits significant increase in
and to purge prr-iellant from the combustion chamber burst length and frequency in automatic guns. It also

the peent ofaisfinven hpermits a significant increase in length of the duty cycleThein such applications as drilling by cannon excavation.
performance, high rate of fire guns in the 20 to 35mm 30 There are a number of recognized technical objec-

size. The present invention is not, however, limited to tives for high performance guns. In general, these in-
guns of this size. elude: (1) increased velocity and rate of fire; (2) lower

The existing weapons used by the armed services use gun and ammunition weight; (3) improved interior and
solid propellant cartridges. These existing weapons exterior ballistic performance; (4) decreased erosion,
carry the solid propellant in cases, and the cases form a 35 flash and smoke; (5) reduced recoil loads; (6) elimina-
substantial part of the overall weight and overall size of tion of cases, links and sabots; (7) improved reliability

* the cartridge. This in itself imposes serious drawbacks and safety, and (8) versatility-application to a wide
and limitations on the installation and use of such weap- range or requirements.
ons, because the projectile feed mechanism and related In addition to these general improvements, the foi-
storage facilities must be large enough and strong 40 lowing characteristics are recognized as being factors
enough to store and transport not only the projectile lacking in the prior art and needed to enhance the appli-
itself but also the related solid propellant and case. cability of future gun systems as compared to the prior

Solid propellants have a further inherent disadvan- art: (1) a gun of minimum cross section to assure maxi-
tage because of the fact that solid propellants character- mum versatility of installation on shipboard, vehicle and
istically develop a high peak temperature. In many gun 45 aircraft mounts; (2) an envelope that will assure retrofit
installations it is necessary to fire long bursts in multiple capability or single or multibarrel high performance 30
engagements. Such projected firing schedules produce or 35 mm liquid propellant guns in existing 20 mm in-
severe thermal loads on the gun and often cause barrel stallations; (3) a mechanism design capable of employ-
errosion with the existing solid propellant weapons. ing high density, low drag projectiles currently in the

Automatic guns used in antiaircraft roles are a good 50 inventory or in an advanced stage of development; (4)
example of guns subjected to severe firing schedules. at the 30/35 mm scale-utilization of existing projectile
Long bursts are needed to achieve high cumulative kill designs (with only minor modifications) to eliminate
probabilities. These gun systems must also engage mul- immediate requirements for development of new pro-
tiple targets in rapid succession with little or no time jectiles, and muzzle velocities in excess of 4000 ft. per
between burst for adequate cooling. A severe barrel 55 second employing high sectional density projectiles to
cooling problem results which is a primary factor in provide adequate standoff, short time of flight, and high
limiting system effectiveness. The reduced accuracy projectile payload; (5) a gun mechanism construction
associated with premature barrel erosion can effectively adaptable to operation at higher muzzle velocities when
destroy gun capability during a single engagement. The adequate projectiles are available; (6) stationary barrel
alternative is to increase the number of available mounts 60 construction with rotating cam feed mechanism to pro-
to achieve an acceptable firing schedule. This results in vide significant reduction in gun drive power require-
additional weight, complexity, cost and maintenance ments and quicker acceleration to full firing rate; (7)
problems, and is therefore an unacceptable solution. simplified gun harmonization at all firing rates by elimi-

The problem has long been recognized in high per- nation of tangential projectile velocity components
firmance, gun installations such as the U.S. Navy 40 t5 associated with rotating barrel systems.
mm Bofors automatic gun and the Oto Melara 76/62. In A further requirement which has been placed on gun
both cases a classic approach to barrel cooling has been development in guns of this size range is that the gun
taken, i.e. water jacketing of the exterior barrel surface. must be applicable across the board to sea, air and
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ground needs for the three services. These include (but barrel rather than being carried through the receiver
are not limited to) small craft point defense, landing with the result that the receiver can be made quite light.
craft armament, retrofit of existing fixed wing aircraft The gun incorporates two cams, a drive cam and a
and antiaircraft and antivehicle ground applications control cam.
where rate of fire and configuration constraints vary 5 The drive cam reciprocates the bolt back and forth
widely. Some missions require single barrel guns with between the rearward, projectile loading position and a
relatively low, adjustable rates of fire (0 to 1000 rpm). forward, projectile firing position. The drive cam is a
Others involve multibarrel installations at intermediate hollow cylindrical member having two spiral cam
rates of fire (2000 to 3000 rpm), and finally there are tracks formed on the inside of the drive cam. The first
those which require very high rates of fire (4000 to 6000 10 spiral cam track engages a cam follower on the bolt to
rpm). It can be seen that this range of rate of fire indi- drive the bolt forward, and the other spiral cam track
cates that automatic guns are needed from one to eight engages the cam follower to drive the bolt rearward as
barrels. the drive cam is rotated about the axis of reciprocation

Liquid propellant guns have a characteristic low peak of the bolt.
temperature. Because a liquid propellant will ignite in 15 The control cam is located at the front end of the
the bulk mode, it can be ignited, as by an electrical spark drive cam, and the control cam is also an annular mem-
device immersed in the liquid propellant, without the ber which is rotated about the axis of the bolt. The
need to vaporize the propellant prior to ignition. Liquid control cam controls the injection of the liquid propel-
propellants are high energy density liquids and can be lant into the combustion chamber and also controls the
burned in discrete pulses to produce high combustion 20 igniter for igniting the propellant.

q pressures. Pulsed burning of a liquid propellant can The drive cam is rotated faster than the control cam
produce combustion pressures in the range of 10,000 to and has dwell or rest areas at each end of the drive cam
80,000 psi and even higher. The magnitude of the aver- to provide the time intervals for the projectile loading
age combustion pressure in such pulsed burning can be 25 at one end and the propellant injection and firing at the
controlled by the amount of expansion permitted. other end of the bolt's reciprocation.
Higher average combustion pressures can be produced The drive cam rotates the bolt in one direction at the
by permitting less expansion. end of its forward travel to lock the bolt to the barrel,

The liquid propellant gun can produce a flatter com- and the control cam rotates the bolt in the opposite
bustion chamber pressure-time characteristic than a 30 direction after firing to unlock the bolt from the barrel.
solid propellant gun. Hence, performance equivalent to The axial sliding movement of the reciprocating bolt
a solid propellant gun can be obtained at lower pressure. is guided by lugs on the bolt which interfit in slots in the
High cyclic rates of fire are possible with a liquid pro- barrel extension or receiver of the gun.
pellant gun. Because the propellant is a liquid, the pro- The cam follower of the bolt is mounted for a limited
pellant can be easily pumped to the firing chamber from 35 amount of radial movement with respect to the bolt to
a storage area remote from the gun itself. This permits accomodate, by outward movement, the bolt rotation
flexibility of installation. Because the cartridge feeding required to lock the bolt and, by inward movement, the
system of the liquid propellant gun carries only the required dwell at the forward end of the bolt travel.
projectile itself, the projectile feed system can be simpli- The barrel extension has a cam surface that coacts with
fled and can be made considerably lighter in weight 40 the cam follower and a dwell area at the forward end of
than for a conventional gun. Or, a considerably larger the drive cam to provide the required dwell in this part
projectile size and weight can be used for higher perfor- of the cycle of operation of the gun. The control can
mance without having to increase the size of the projec- unlocks the bolt and returns the cam follower to the

* tile feed mechanism. This is especially important in rearward, spiral drive cam track at the proper time.
permitting larger bore liquid propellant guns to be in- 45 The drive cam and the control cam are driven in
corporated in retrofit installations as replacements for synchronism by interconnected gearing, and the drive
existing smaller bore solid propellant guns. cams of adjacent gun modules are interconnected by

Liquid propellant guns also permit slim profiles idler gears for transferring drive from one module to the
which provide desirable configuration versatility. Be- next.
cause the liquid propellant gun permits a low profile, 50 The gun of the present invention incorporates a water

* clean exterior design, an individual liquid propellant cooling arrangement in which the control cam causes a
gun module or a modular grouping of liquid propellant small amount of water to be injected into the combus-
gun modules can be installed in locations that would not tion chamber after the firing of each round. The in-
accomodate a conventional gun. jectel water is vaporized and converted to steam as it

It is another important object of the present invention 55 contacts the hot combustion chamber structure, and this
to incorporate the inherent advantages of a liquid pro- produces a highly effective cooling of the combustion
pellant gun in a modular gun of the kind incorporating chamber structure.
a drnie cam and a control cam. The water cooling valving is interconnected with the

Svalving for the propellant injection in a manner such
SUMMARY OF THE INVENTION 60 that the combustion chamber can be completely filled

The liquid propellant gun of the present invention is with water to purge the combustion chamber of propel-
a cam operated. externally driven gun constructed in lant in the event of a misfire.
modular form. It has a slim profile, and the operational The gun incorporates misfire detection means which
features of the gun are arranged so that the gun can be coact with the control can to completely disengage the
readily incorporated in a variety of modular clusters. 65 control cam from the drive so that operation of the gun
such as flat pack groupings and circular groupings. module is stopped in the event of a misfire.

The gun barrel is stationary and all combustion chain- Liquid propellant gun apparatus and methods which
her pressure loads on the bolt are carried through the incorporate the structure and techniques described
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above and which are effective to function as described FIG. 29 is a fragmentary, enlarged view of the front
above constitute specific objects of this invention, face of the control cam and is taken generally along the

Other objects, advantages and features of our inven- line and in the direction indicated by the arrows 29-29
tion will become apparent from the following detailed in FIG. 19. FIG. 29 shows the recess in the control cam
description of preferred embodiments taken with the 5 for the control of the propellant injection, the projec-
accompanying drawings. tion on the control cam for the water injection and a

projection on the control cam for controlling the opera-
BRIEF DESCRIPTION OTH DRWNS tion of the igniter;
FIG. I is an isometric view of a liquid propellant gun FIG. 30 is a fragmentary enlarged plan view taken

module constructed in accordance with one embodi- 10 generally along the line and in the direction indicated
ment of the present invention; by the arrows 30-30 in FIG. 29;

FIG. 2 is an isometric view showing three of the gun FIG. 31 is a top plan view showing five gun modules
modules of FIG. 1 grouped in a flat pack cluster; assembled in a flat pack cluster together with a drive

FIG. 3 is an isometric view showing three of the gun motor for the gun modules and the projectile feed sys-
modules of FIG. 1 grouped in a circular cluster; 15 tem;

FIG. 4 is a side elevation view of the gun module FIG. 32 is an end elevation view taken generally
shown in FIG. 1; along the line and in the direction indicated by the

FIG. 5 is an enlarged top plan view of the gun mod- arrows 32-32 in FIG. 31. FIG. 32 shows the feeding of
ule taken along the line and in the direction indicated by specific projectiles in the endless conveyor belt to re-
the arrows 5-5 in FIG. 4. In FIG. 5 some parts are 20 lated gun modules;
partly broken away to show details of construction and FIG. 33 is an end elevation view like FIG. 32 but
FIG. 5a is a continuation of the left hand end of FIG. 5; showing the projectile feed system for three gun mod-

- FIG. 6 is a side elevation view in cross section taken ules assembled in a circular cluster;
generally along the line and in the direction taken by FIGS. 34-39 illustrate different cluster configurations
arrows 6-6 in FIG. 5 and FIG. 5a. FIG. 6a is a contin- 25 for the modular gun of the present invention and illus-
uation of the left hand end of FIG. 6. The cam follower trate how projectile feed systems are associated with
64 is shown rotated 30" in FIG. 6 for better illustrating these different cluster configurations;
its operation. See FIG. 13 for the true position of this FIG. 40 is a plan view showing a size comparison for
cam follower; high performance 30 mm liquid and solid propellant

FIGS. 7-14 are end elevation views in cross section 30 rounds of ammunition and also illustrates the relative
taken along the lines and in the directions indicated by feed chute sizes required;
the correspondingly numbered arrows in FIG. 6; FIG. 41 is a top plan view showing a size comparison

FIG. 15 is an end elevation view taken along the line of a 30 mm liquid propellant projectile, a conventional
and in the direction indicated by the arrows 15-15 in solid propellant 20 mm round of an M61 Vulcan gun
FIG. 4; 35 and a conventional solid propellant round for a 30 mm

FIGS. 16-21 are isometric views showing the dispo- Hispan Suiza round type 83 1L. FIG. 41 illustrates how
sition of certain parts of the gun in the various phases of a 30 mm liquid propellant round is approximately the
operation indicated by the legends in these figures; same overall length as a conventional solid propellant

FIG. 22 is a fragmentary, enlarged view of the part of 20 mm round and how it is therefore capable of being
the structure shown encircled by the arrows 22-22 in 40 substituted in conventional projectile feed systems for
FIG. 6. In FIG. 22 as in FIG. 6, the cam follower is smaller 20 mm solid propellant rounds with a minimum
shown rotated 30" from its actual position illustrated in of retrofit modifications;
FIG. 13; FIG. 42 is a fragmentary and elevation view showing

FIG. 23 is a fragmentary, enlarged end elevation details of the misfire switch and control cam shifting
view taken along the line and in the direction indicated 45 lug;
by the arrows 23-23 in FIG. 22, but with the cam FIG. 43 is a fragmentary side elevation view taken
follower at the actual inclination illustrated in FIG. 13; along the line and in the direction indicated by the

FIG. 24 is a fragmentary, enlarged end elevation arrows 43-43 in FIG. 42;
view taken along the line and in the direction indicated FIG. 44 is a schematic view of a pressure sensing
by the arrows 24-24 in FIG. 22 showing the cam fol- 50 interlock system for stopping operation of a gun module
lower in the unlocked position in phantom outline and in the event of a drop in propellant feed pressure.
in a locked position in bold outline;

FIG. 25 is a fragmentary, enlarged bottom plan view DESCRIPTION OF THE PREFERRED
taken along the line and in the direction indicated by the EMBODIMENTS
arrows 25-25 in FIG. 23; 55 A liquid propellant gun module constructed in accor-

FIG. 26 is a fragmentary enlarged side elevation view dance with one embodiment of the present invention is
taken along the line and in the direction indicated by the indicated generally by the reference numeral 50 in
arrows 26-26 in FIG. S. FIG. 26 shows the positions of FIGS. 1, 4, 5, 6 and 16 through 21.
the water injection and the propellant injection control The gun module 50 includes a barrel 52, a combustion
valves during firing of the gun: 60 chamber 54, a bolt 56, a barrel extension or receiver 58,

FIG. 27 is a fragmentary enlarged side elevation view a drive cam 60, a control cam 62, a cam follower 64, a
like FIG. 26 but showing the positions of the water projectile loading mechanism 66 for loading projectiles
injection and propellant injection control valves during from a projectile feeding mechanism 68, a drive mecha-
propellant loading; nism 70, propellant injection means 72,.water coolant

FIG. 28 is a view like FIGS. 26 and 27 but showing 65 and purge means 73. a bolt sear 74, an igniter 76, misfire
* the positions of the water injection and propellant injec- detection means 78 and a misfire switch 80, all as indi-

tion control valves during either the combustion cham- cated generally by these reference numerals in FIGS. 5
ber cooling or the emergency purge operations; and 6 and in other FIGS. of the drawings.

S
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The gun module 50 illustrated in the drawings use a projectile loading lever 138 is pivotally connected to
liquid monopropellant (i.e. a liquid propellant that con- the barrel extension 58 by a loading lever pivot 141.
tains both a fuel and an oxidizer) in the combustion The forwardly extending arm of the projectile load-
chamber 54 for firing a projectile 84. It should be noted, ing lever 138 has a lower end 142 which is positioned
however, that many of the features of the present inven- 5 over an upper recess 144 in a spring clip carrier 146 for
tion are not limited to a modular gun or to a gun using a projectile 84. This projectile is aligned with the upperC a monopropellant, as will become more apparent from end of a projectile receiving passageway 148 in the
the description to follow, barrel extension 58 (see FIGS. 10 and 11).

The bolt 56 is reciprocable back and forth between a Engagement of the bolt extension 100 with the rod
rearward, projectile loading position (see FIG. 16) and 10 120 moves the lower end of the actuator lever 130 about
a forward, projectile firing position (see FIGS. 18, 19 the pivot provided by the connection to the spring 136
and 20). to shift the rod 132 forward. This pivots the bellcrank

The bolt is guided in this reciprocating movement by 138 about the pivot 141 and snaps a projectile 84 out of
lugs 86 (see FIG. 17 and FIG. 9) which slide within the spring clip carrier 146 of the endless conveyor belt
guide slots 88 (see FIGS. 19 and 11) in the barrel exten- 15 149 (see FIG. 32) of the projectile feed mechanism 68.
sion 58 and guide slots 90 (see FIG. 18 and FIG. 10) The projectile drops into the passageway 148 and
extending through locking lugs 92 at the rear end of the into the bore in the barrel extension in front of the bolt
barrel 52. 56. Forward movement of the bolt 56 then pushes the

The igniter 76 is located in the front face of the bolt projectile up into the barrel 54, and the projectile 84 is
56 and comprises an electrode 91 (see FIG. 6 and FIG. 20 then pumped forward (to the position illustrated in
11) which is energized when a cam follower (not illus- FIG. 6) against the forcing zone 150 by the liquid pro-
trated) is displaced by a projection 94 on a forward pellant injected into the combustion chamber. This will
control face 96 of the control cam 62 (see FIGS. 29 and be described in greater detail below.
30). Energization of the electrode 91 produces electrical The barrel 52 is connected to the barrel extension 58
energy which ignites the liquid propellant in the com- 25 by cap screws 152 (see FIG. 6).
bustion chamber 54 to fire the projectile 84 out of the A cam cover 154 is connected to the barrel extension
barrel 52. Ignition can also be accomplished by com- 58 by cap screws 156 as also shown in FIG. 6.
pression ignition or by injecting a chemical into the The drive cam 60 has two internal, spiral shaped, cam

S propellant. , paths 160 and 162 which are engageable with the cam
The forward face of the bolt 56 has a seal 96 as best 30 follower 64 for reciprocating the bolt 56 forward and

illustrated in FIG. 6. backward during operation of the gun. The spiral cam
The rear end of the bolt 56 has a bolt extension 100 track 160 drives the bolt 56 forward, and the spiral cam

which coacts with the projectile loading mechanism 68 track 162 drives the bolt 56 rearward.
to snap a projectile out of a spring clip carrier in the The drive cam 60 is axially elongated so that the cam
projectile feed mechanism 66 (in a way to be described 35 angles are not too high, and the drive cam is rotated
in more detail below) when the bolt is moved to the faster than the control cam 62.
rearward, projectile loading position. As best shown in FIGS. 1-3 and 31, the drive system

The bolt extension 100 also has a detent 102 which is 70 includes a drive motor 164. The drive motor 164
engaged by the pawl of the sear 74 to hold the bolt in rotates an idler gear 166, and the idler gear 166 is en-
the rearward position when the gun trigger is off and a 40 gaged with a gear 168 formed on the outer diameter of
sear solenoid 104 is deenergized. the drive cam 60 at the rear end of the drive cam 60.

A sear actuating rod 106 is connected to the rear FIG. 15 illustrates how this same idler gear 166 is
solenoid 104 and has a slot 108 (see FIG. 6). A pin 110 used to transfer the drive from one module to an adja-

* rides in the slot 108 at the lower end of the pivot arm cent module in a cluster arrangement.
and is connected at the lower end of the pivot arm 112 45 The drive to the control cam 62 is provided by a jack
of the sear 74. The arm 112 pivots about a sear pivot 114 shaft take off gear 170, a jack shaft 172, a jack shaft
which straddles the spring cavity. As illustrated in FIG. pinion gear 174, an idler gear 176 -'nd a gear 178 formed
6, a spring 116 normally biases the sear pawl 74 toward on the outer diameter of the control cam 62 (as best
a bolt retaining position, but energization of th sear illustrated in FIGS. 6 and 16 through 21). The control
solenoid 104 rotates the pawl 74 downward to the bolt 50 cam 62 is therefore rotated in a direction opposite from
releasing position (best illustrated in FIG. 21). that of the drive cam 60, as indicated by the arrows in

The end face 118 of the bolt extension 100 is engage- FIG. 17.
able with a face 120 of a spring backed part 124 which In a particular embodiment of the present invention
actuates the projectile loading mechanism 66. The back the gear ratios are such that the drive cam 60 is rotated
face of the part 124 provides a spring seat for one end of 55 four times as fast as the control cam 62.
a bolt return spring 126. (See FIG. 6). The other end of The drive cam 60 is mounted for rotation on the
the bolt return spring 126 is seated against an inner face barrel extension 58 by bearings 180 at the rear end of the

* of a rear cover 128. drive cam and 181 at the forward end of the drive cam
The part 124 has an upwardly projecting flange 129 (see FIG. 6).

which is engageable with an actuator level 130 of the 60 The control cam 62 is mounted for rotation on a
projectile loading mechanism 66. The upper end of the surface 182 of the barrel extension S8 and is normally
actuator level 130 is connected to a push rod 132 by a retained in a fixed axial position with respect to the
pin joint connection 134, and a spring 136 maintains the barrel extension 58 by two radially projecting cam lobes
lower end of the actuator lever 130 in engagement with 184 on the outer periphery of the control cam 62 (see
the upwardly extending flange 129. 65 FIG. 12). The lobes 184 travel in an annular groove 186

* The front end of the push rod 132 is connected to a in the barrel extension 58. In normal operation of the
bellcrank loading lever 138 by a pin joint connection gun the lobes 184 travel in the groove 186 and the con-
140. The downwardly extending arm of the bellcrank trol cam 62 is maintained in the fixed axial position
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illustrated in FIG. 6 with the gear 178 engaged with the rotation of the drive cam 60 cannot produce any contin-
gear 176. However, the barrel extension 58 has a re- ued forward movement of the bolt 56.
lieved space 188 in front of the control cam which per- The drive cam 60 does, however, have a slot 200 (see
mits the control cam to be shifted axially forward and FIGS. 22 an 23) located at the forward, outlet end of the
disengaged from the drive connection with the idler 5 forward cam track 160 so that the spring 196 (see FIG.
gear 176 in the event of a misfire. in this condition of 6) shoves the rear half of the cam follower 64 outward
operation as illustrated in FIG. 43 and as will be de- and into this slot 200 as soon as the forward reciproca-
scribed in more detail below, the misfire switch 80 en- tion of the bolt has been completed. The rotation of the
gages one of the cam lobes 184 to move the control cam drive cam 60 in the clockwise direction indicated by the
62 forward. The cam lobe that engages the misfire 10 arrow in FIG. 17 then rotates the cam follower and bolt
switch is diverted into a dead end side track 187, and the 45" to the locking position illustrated in FIG. 18.
other lobe 184 enters a relieved area. At the same time that the back half of the cam fol-

As best illustrated in FIGS. 6 and 13, the cam fol- lower 64 moves into the slot 200, the front half of the
lower 64 is a cylindrical element at the outer end of a cam follower 64 engages the large diameter surface 206
rod 190. The rod 190 is mounted for axial movement in 15 (see FIG. 24) of the barrel extension 55. This surface

a radially extending bore 192 at the back end of the bolt 206 has a ramp 206a which decreases in diameter, as the
56. The underside of the bolt 56 has a recessed groove bolt is rotated 45" to the locked position, until the diam-
194, and a leaf spring 196 is mounted in the groove 19 eter is the same as that of the surface 208. This ramp

so as to engage the lower end of the rod 190. The spring 206a pushes the cam follower 64 downward from the
196 biases the cam follower radially outwardly and into 20 outwardly extended position shown in phantom outline
engagement with associated surfaces on the drive cam in FIG. 24 to the retracted position shown in solid out-

60 and, during part of the time that the bolt 56 is in its line in FIG. 24.
forward projectile firing position, with associated large The surface 208 thereafter engages the top of thediameter surface 206 and smaller diameter surface 208 front half of the cata follower 64 to retain the camon the barrel extension 58. See FIG. 24. This will be 25 follower 64 in the retracted position and within theonstheebarrel edetail below, groove 198 of the drive cam 60 until the firing of the
described in more detail bow. projectile from the combustion chamber 54 has been

During forward driving movement of the bolt 56, the completed and the bolt 56 is ready to be rotated back
outer surface of the cam follower 64 is engaged with a 45" to an unlocked position and then retracted to the
surface 199 of the forward driving cam track 160. See 30 projectile loading position by engagement of the cam
FIGS. 6, 17 and 22. During rearward driving of the bolt follower 64 within the rear drive cam track 162.
6, the outer surface of the cam follower 64 is engaged While the cam follower 64 is retained in the retracted
with a surface 197 of the spiral cam track 162. position illustrated in FIG. 24 by the stationary engage-

The drive cam 60 has dwell or rest areas at the front ment of the cam follower 64 with the surface 208 at the
and rear ends of the drive cam. The dwell areas provide 35 end of the ramp 206, the drive cam 60 is of course con-
turnarounds at each end of the bi-directional drive cam. tinuing to rotate with respect to the cam follower 64

The rear dwell area includes a surface 201 which is with the back half of the cam follower 64 engaged in the
bounded by a rear, radially inwardly extending flange relieved area of the recessed face 198. At the same time
203 and a forward, inwardly extending flange 205. See the rear face 210 of the control cam 62 is rotating
FIG. 6. This dwell area at the rear of the drive cam 40 counter clockwise with respect to the cam follower 64,
holds the bolt 56 in a retracted position from the time as illustrated by the arrows in FIGS. 18 and 19.
that the cam follower 64 leaves the return cam track 162 The rear face 210 of the control cam has a bolt un-
until the drive cam is rotated to a position in which an locking and return wedge 212 projecting outwardy
opening in the forward flange 205 permits the bolt re- from the rear face 210. As this wedge rotates into en-
turn spring 126 and part 124 to shove the cam follower 45 gagement with the cam follower 64, it first of all rotates
64 into the forward drive cam track 160. the cam follower and bolt 45" counter clockwise (as

In a particular embodiment of the present invention viewed in FIG. 20) to unlock the bolt by aligning the
(having the 4 to I ratio of drive cam revolutions to lugs 86 with the slots 90. Continued rotation of the
control cam revolutions for each cycle of operation as control cam 62 then moves the cam follower 64 axially
noted above), the cam follower 64 rests at the rear dwell 50 to the rear and into the front inlet end of the rear drive
area of turnaround for 0.6 turn of the drive cam 60. The cam track 162, as this end of the cam track 162 opens to
forward drive spiral 160 moves the cam follower for- the front dwell area 198. Continued rotation of the drive
ward for 0.8 turn of the drive cam 60. The cam follower cam 60 then reciprocates the bolt 56 to a rearward,
moves rearward for 0.8 I turn of the drive can and rests projectile loading bolt position.
at a forward dwell area for approximately 1.8 turns of the 55 The gun 50 as illustrated in the drawings uses a liquid
drive cam 60. monopropellant, i.e. a liquid propellant having both a

When the bolt 56 reaches the forward end of its fuel and an oxidizer. Mixtures of hydrazine. hydrazine
travel, it must be rotated 45" (as illustrated in FIG. 13) nitrate and water are examples of monopropellants that
to lock the lugs 86 on the bolt in front of the lugs 92 of may be used. However, propellants developed for tor-
the barrel 52 (see FIG. 18). 60 pedo application have physical, performance, handling

The construction of the forward end of the drive cam and safety characteristics that are well suited for use in
60 and related structure of the barrel extension 58 and the present invention. This is understuod since torpedo
back face of the control cam 62 are best illustrated in the propellants must be compatible with the long duration,
enlarged fragmentary view of FIG. 22. closed environment of a submarine where adverse char-

As best illustrated in FIG. 22, when the cam follower 65 acteristics from the stardpoint of toxicity, handling or
64 leaves the forward end of the forward drive cam safety are completely intolerable. The liquid propellant
track 160, the back side of the cam follower 64 is posi- is stored, either adjacent to the gun 50 or remotely, and
tinned in a forward dwell area 198 so that continued is conducted to the propellant injection means 72 by a

U"
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flex conduit 216 as shown in FIGS. 18 and 19. The projection 94 following the filling of the combustion
propellant supply pressure is supplied either by pump or chamber 54 with the liquid propellant.
by an accumulator subsystem (not illustrated). The ac- A very important feature of the present invention is
cumulator is preferable from the standpoint of being the internal water cooling provided by the coolant in-
effective in reducing pump volume requirements while 5 jection means 73.
meeting the peak flow rates necessary for burst fire. The The coolant injection means 73 inject a small quantityr propellant supply system includes a pressure sensing of water directly into the firing chamber 54 between
interlock system (see FIG. 44) which senses the propel- rounds. Since water impinges directly on the heated
lant pressure by means of a sensor and stops operation gun bore surfaces, high heat transfer rates are realized.
of the complete group (row or cluster) of gun modules 10 The effectiveness of the internal water cooling permits
by closing a main propellant supply valve and stopping a significant increase in burst length and frequency in
operation of the drive motor when the supply pressure the case of an automatic gun fired at high cyclic rates
drops below an established level. This prevents incom- and permits a significant increase in the length of the
plete propellant filling, duty cycle of guns used at lower cyclic rates such as in

The porting and vaving arrangement for controlling 15 common excavation.
the injection of liquid propellant into the combustion In a specific embodiment of the present invention
chamber 54 is best shown in FIGS. 5, 8, 18 and 26-28 of water is used as the cooling liquid because it has a high
the drawings. heat of vaporization and is readily available. Other

As best illustrated in FIG. 26, the sidewall of the liquid coolants can of course be used, but the descrip-
barrel 52 has an axially extending bore 218 at one side of 20 tion to follow will be directed specifically toward the

i the combustion chamber 54, and the propellant conduit use of water as the coolant liquid.
216 is connected with a port 200 at one end of the bore. One embodiment of the valve structure for accom-
A port 222 connects the other end of the bore to drain. plishing the internal water cooling is illustrated in

A spool valve 224 is mounted for axial movement FIGS. 5 and 26-28. As illustrated in these drawings, the
within the bore 218, and the control of the position of 25 wall of the gun barrel 52 has an axially extending bore
the spool valve 224 is provided by a valve control rod 236. A valve spool 238 is mounted for reciprocation
226 which is connected to the valve spool 224 at one within the bore, and the valve spool has seals 240 at
end. The other end of the rod 226 is engaged with the each end.

* front face 96 (see FIG. 29) of the control cam 62 and A water inlet port 242 is connected to one end of the
acts as a cam follower. 30 bore 236 and a hose is attached to this port 242 to con-

A port 228 connects the axial bore 218 with the com- nect the port to a pressurized water supply system.
bustion chamber 54. A port 244 connects the bore 236 to the combustion

The valve spool 224 has annular seals 230 at each end chamber 54.
of the spool and the rod 226 is sealed by a seal 232 as The valve spool 238 is connected directly to the
illustrated in FIG. 26. 35 valve spool 224 through an extension of the rod 226 so

The cam face 96 of the control cam 62 is formed with that the water coolant valve spool 238 moves in unison
a recessed ramp 234 which controls the duration of the with the propellant injection valve spool 224.
time period for injection of the liquid propellant Seals 246 and 248 seal off the part of the rod 226
through the ports 220 and 228. The control rod 226 is extending between the bores 236 and 218.
biased (by the propellant supply pressure) to the right 40 In the firing position of the valve spools (as illustrated
(as viewed in FIG. 26) so that the cam follower end of in FIG. 26) the valve spool 236 blocks flow of water
the rod 226 is maintained in engagement with the face into the port 224 and flow of combustion gases out of
96 of the rotating control cam 62. the port 244.

In the firing position, the valve spool 224 is posi- Similarly, the water injection valve spool 238 is posi-
tioned by the control rod 226 to block off the port 228 45 tioned in the propellant loading position illustrated in
(as illustrated in FIG. 26). FIG. 27 to block flow through the port 244.

FIG. 27 illustrates the position of the valve spool 226 However, immediately after firing, the control cam
with respect to the port 228 when the recess 234 of the 62 rotates to a position in which a projection 250 shifts
control cam 62 has been rotated to a position in 'which the control rod 226 leftward (as viewed in FIG. 28) by
the control rod 226 first drops down into the recess 234. 50 an amount sufficient to open the port 244. This projec-
The valve spool 224 is shifted to the right in the bore tion 250 permits a short time period for the injection of
226 to open the port 228 for communication with the coolant water into the combustion chamber (through
port 220, and the liquid propellant flows into the com- the passageway provided by the ports 242, the bore 236
bustion chamber under the pressure of the propellant and the port 244) before the cam follower end of the
supply system. The pressure of the inflowing propellant 55 control rod 226 moves down off the projection 250 and
pumps the projectile 84 forward to the position illuF- back onto the plane of the face 96. This small amount of
trated in FIG. 6a. The inclined ramp in the recess 234 water is vaporized by the hot wall structure of the com-

* pushes the control rod 226 leftward and back to the bustion chamber and turned to steam. During this water
position illustrated in FIG. 26 as the cam follower end injection period, the port 228 may be maintained closed
of the control rod 226 returns to the plane of the front 60 by the land 224 or, depending on the size of the projec-
face 96 of the control cam 62. The amount of liquid tion 250, the port 228 may also be opened for venting of
propellant injected is therefore determined by the pres- gas and steam from the combustion chamber (through
sure of the propellant supply system and the length and the port 228 and the bore 218 and the vent port 222).
angular inclination of the recess 234. Thus, immediately after firing each round, the cool-

As illustrated in FIG. 29, the front face 96 of the 0S ant injection means 73 are opened and a metered quan-
control cam 62 has a projection 94 which is engaged by tity of water is injected directly on the forward portion
a spring biased cam follower. The electrode 92 is ener- of the combustion chamber 54. The water spray is di-
gized as the igniter cam follower is actuated by the rected toward the combustion chamber surfaces of the
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gun. The quantity of water is metered to insure that A= area ft2

virtually all of it is converted to steam. AT= temperature difference *F.
The next projectile 84, in the process of being loaded For estimating the heat transfer rate, the following

and pumped forward in the chamber, pushes any steam assumptions are made:
and water remaining in the chamber ahead of the pro- 5 (a) AT
jectile into the barrel. After firing, the residuals are Bore surface temperature rises of 1,200"-1,400" F. in
forced out of the barrel by the projectile as it traverses one millisecond have been measured in liquid propellant
the bore. guns at the origin of rifling. Since rapid injection of

If the distribution of the water vapor in the bore is cooling water immediately after firing is involved in the
assumed to be the same as the normal products of corn- 10 present method, large average temperature differences
bustion of a liquid propellant, the weight of gas (vapor) will exist during the cooling process. Here a conserva-
being pushed out by the projectile is slightly less than tive AT of 500" F. is assumed.
that for a conventional solid propellant round. This (b) Area
results from the somewhat lower molecular weight of The chamber bore surface area is 0.375 ft2. It is as-
liquid propellant combustion products and that of the 15 sumed that the injected cooling water is effectively
water vapor, sprayed over an area at least equivalent to this, there-

The internal water cooling is optimized to inject no fore, the effective area is assumed to be 0.375 ft2.
more water than is vaporized. Hence, there is no pen- (c) Heat Transfer Coefficient
alty for acceleration inert mass. The water injected is Water sprayed against hot surfaces boils violently and
controlled by the dwell of the surface 250 of the control 20 is rapidly vaporized. Boiling heat transfer coefficients
cam 62. are quite high. Coefficients of .300,000 B.t.u./hr.ft 2 -F.

- Heating and cooling of a gun barrel bore surface is are common. Here, the heat transfer coefficient conser-
highly transient. The analysis of the instantaneous heat vatively is assumed to be 250,000 B.t.u./hr.ft 2"F.
transfer process is complex and methods for accurately Based on these considerations, the rate of heat transfer
determing the heat transfer coefficient controlling the 25 is estimated to be:
process are not well established. However, the follow-
ing example, based on average conditions, does illus- =(20,000 B (.65 ftz) (0' F.) 4..107 tu or

trated the effectiveness of the internal water cooling. q = hr. ..

Considering a 35 mm 4,000 ft/sec muzzle velocity 3.3 x 104

liquid propellant gun, the significant characteristics are: 30sec
Projectile Weight-l.2 lb.
Muzzle Velocity-4,000 ft/sec. Since complete cooling per round requires removal of
Propellant Charge-I lb. 161 B.t.u. the required cooling time is:
Projectile Muzzle Kinetic Energy-298,000 ft.-lb.
Firing Rate-750 rounds per minute - 161 B.t u.

Estimates of barrel heating per round are calculated 1.3.104 B.t.u.

using the criteria established by Corner' where the heat

loss Q is: With a total cycle time per round of 80 milliseconds
Q=X (wv 2

) 40 there is ample cooling time available.

The above example is idealized in that perfect distri-

WI ="Effective" Mass of the projectile bution of the cooling water over the heated surfaces is

V = Muzzle velocity assured. While complete cooling is not usually attained

X-=0.3 (maximum value) in practice, a substantial portion of the heat imparted to
I"Theory of the Interior Ballistics or Guns". J. Corner. Pg. 141. John 45 the gun is removed. This has a major impact on firing
wiley & son. schedule and gun system effectiveness.

For the characteristics of the 35 mm 4,000 ft/sec FIG. 28 illustra- s the disposition of the valve spools

LPG, Q= 124,000 ft.-lb. (or 161 B.t.u.). 238 and 224 in the event of a misfire, when it is desired
Gun barrel cooling is accomplished by dfrect water to purge the combustion chamber 54 of all liquid pro-

injection on the interior heated surfaces. Assuming ini- 50 pellant within the combustion chamber. In this event,
tial water temperature to be 70" F., the heat absorption the entire control cam 62 is shifted axially forward by
capability of the injected water (including specific heat the misfire detection switch 80, and this shoves the
and heat of vaporization) is approximately 1,110 control rod 226 leftward to the position illustrated in
B.t.u./lb. The quantity of water required for complete FIG. 28 where the valve spools 238 and 224 are held in
cooling after each round is then 55 the p6sitions illustrated. The coolant water flows con-

tinuously into the combustion chamber through the

11l0 u/round or 146 lb.H20 coolant inlet port 244, fills the combustion chamber 54
I 1 to 5 tu.tlbt 120 346 round completely with water, and purges out all of the liquid

propellant through the port 228 and the vent 222.
In a rapid fire automatic weapon, the time available 0 A timing device, not illustrated, shuts off the flow of

for cooling between rounds is limited by heat transfer water through the hose 241 (see FIG. 7) after a period
rate. At a firing rate of 750 rounds per minute, the cycle of time sufficient to insure complete purging of the
time per round is 80 milliseconds. combustion chamber.

The heat transfer rate can be estimated from the fol- As described above in this specification, the misfire
lowing: 65 switch 80 is controlled by the misfire detection means

q=hAAT 78 (see FIG. 5).
q -=rate of heat transfer B.t.u./hr. The misfire detection means 78 include a gas piston
h heat transfer cooefficient B.t.u./hr. of ft2  252 mounted for reciprocation within a cylinder 254

S l i l~lll i l -,-Illlmm ~ ~ ~ l m ,,u~ ,m l . . ..
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and spring biased by a spring 256 rightward (as viewed As best illustrated in FIG. 32, the conveyor 140 mates
in FIG. 5) to the position illustrated in FIG. 5 where a with a transfer mechanism 272 to accept projectiles 84
flange 258 engages a snapring stop 260. from a conventional belt or linkless feed. The transfer

A connecting rod 262 connects the gas piston 252 to mechanism 272 includes a shifting device which selects
the misfire switch 80 so that the misfire switch 80 is S from separate projectile supplies to switch types of
normally spring biased to the position illustrated in ammunition. The spring clip cradles 146 are the primary
FIG. 5 in which the misfire switch 80 is axially aigned elements of the conveyor 149. The tangs on the ends of
with the lobes 184 on the control cam 62. the spring clip cradles slide in guide grooves in the

A port 264 connects the bore of the barrel 52 with the conveyor frame. The cradles are coupled to form an
interior of the cylinder 254 at the back face of the gas 10 endless, flexible chain.
piston 252. Two configurations of the conveyor 149 are illus-

A vent port 266 is located in the sidewall of the cylin- trated in FIGS. 31-32 and in FIG. 33. In FIGS. 31 and
der to vent the interior of the cylinder 254 to atmo- 32 a flat conveyor passing over a banked row of mod-
sphere. ules is illustrated and in FIG. 33 a circular conveyor

As a projectile is fired from the gun, the pressurized 15 wrapping around a cluster of three modules is illus-
gases behind the projectile flow through the port 264 to trated.
momentarily move the gas piston 252 forward (leftward The flat conveyor configuration shown in FIGS. 31
as viewed in FIG. 5) within the cylinder 254. This pulls and 32 demonstrates the loading scheme of the present
the misfire switch 80 forward and out of alignment with invention which depends on a unique sequencing ar-
the lobe 184 on the control cam long enough to let this 20 rangement. In FIG. 32 a banked row of five modules
lobe rotate past the misfire switch without engaging the served by the conveyor 149 are indicated by the refer-
misfire switch 80. ence numerals 1-5. The projectiles 84 move along the

However, if there is a misfire, the gas piston 252 conveyor from right to left and are numbered in groups
remains stationary and the misfire switch 80 engages the of five, e.g. (, 4, 3, 2, 1) (10, 9, 8, 7, 6), etc. The modules
cam lobe 184 to divert the cam lobe into a dead side 25 are also numbered (5, 4, 3, 2, 1) and are loaded in the
track 187 (see FIG. 43 and FIG. 6) while the other cam sequence 1 through 5 and fire, of course, in the same
lobe 184 enters a relieved area. This moves the control sequence. Center-to-center spacing of the projectiles in
cam 62 axially forward in the recess 188 (see FIG. 6) to the conveyor (1.75 in. for 30 mm) is J the center-cen-
disengage the gear 178 from the idler gear 176, and the ter spacing of the modules (3.5 in. for 30 mm).
rotation of the control cam 62 is stopped. 30 Assume projectile 1 is at the loading position for

The timing of this action leaves the bolt 56 in a locked module 1. The loading lever on the module kicks the
position with the breach closed, projectile out of the conveyor and into the module. The

In addition, as pointed out above, forward motion of conveyor travels 1.75 inches between loadings. Projec-
the control cam 62 pushes the propellant fill valve 224 tile 2 as 1.75 inches away from the loading position for
forward, exposing the combustion chamber fill port 228 35 module 2 at the start but has now arrived in position and
to the port 222 at the rear of the bore 218 to permit is loaded. Projectile 3 is now 1.75 inches away from the
purging of the liquid propellant from the combustion module 3 and will arrive at the loading position on time.
chamber 54. At the same time the water inlet valve 238 The loading progresses until projectile S is loaded in
is moved forward to open the water injection port 244, module 5, this projectile having moved 7.0 inches while
and water is purged through the combustion chamber 40 the other projectiles were loading. By the time projec-
54 to prevent cook off and to make the round inert, tile 5 has been loaded, projectiles 10, 9, 8, 7 and 6 have

The control cam disengagement disables that particu- moved into positions occupied by projectiles 5, 4, 3, 2
lar gun module but it does not disable the drive cam and I at the start. The process continues in perfect time,
power train. Therefore, other modules in the banked with projectile 6 loading into module 1, projectile 7row or cluster continue to operate and fire. Operation in 45 loading into module 2, etc. This loading scheme applies
this limited condition can continue until servicing. Pro- to any number of modules.
jectiles intended for loading but passing over the dis- The circular conveyor for a cluster of three modules,
abled module are ejected at the end of the feed system shown in FIG. 33, uses the same loading scheme as
transfer region. described above. Since the conveyor is circular, the

If a projectile is missing at the feed system conveyor, 50 cradles can take the form of pockets in a wheel-like
a mechanical interlock system leaves a retainer in the structure. A minimum of six cradles or pockets are
path of the propellant fill valve 224 to prevent the valve needed to properly feed the cluster. Nine pockets are
from opening. As the module continues in a cycle of shown in FIG. 33 to reduce the rotational speed of the
operation, a pseudo misfire occurs, and the module is conveyor and the centrifugal force imposed on the
disabled as described above. 55 projectiles, thus reducing the force that must be exerted

Since complete propellant filling depends on fluid by the projectile loading levers at the modules.
pressure in the propellant supply system with the mono- Other cluster configurations as illustrated in FIGS.
propellant injection system described above, insuffi- 34-39 are readily arranged and serviced by the projec-
cient pressure of the propellant supply system could tile loading mechanism 68 as described above.
result in incomplete propellant filling. In the present 60 The modular system of the present invention can
invention when the supply pressure inadvertently drops accomodate recoil adapters similar to those on the M-61
below an established level, a pressure sensing interlock gun to reduce recoil forces. A banked row or cluster or
system (see FIG. 44) stops operation of the complete modules can be supported mutually at the breach end of
group (row or cluster of modules). the barrels by a bracket structure that receives a pair (or

The projectile feed system is best shown in FIG. 31. 65 more) of recoil adapters. An additional bracket struc-
The projectile feed mechanism 68 employs a short ture mutually supports the rear of the modules and

endless conveyor 149 which is driven by a sprocket engages a short fixed slide to accomodate recoil travel.
drive 270 from the drive motor 164. The latter bracket includes a provision for boresighting.
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The impact of caseless operation on gun design is best ting rotation of the hollow cylindrical member
illustrated in FIG. 41 which compares a 30 mm liquid without producing axial movement of the bolt.
propellant modular gun projectile with a conventional 2. The invention defined in claim 1 including gear
20 mm round for the M-61 gun. Due to the similarity in teeth on the outer periphery of the hollow cylindrical
length and diameter between the liquid propellant pro- 5 member at one end of the hollow cylindrical member
jectile and the solid propellant round, it is feasible to for engagement with a driving gear.

D directly substitute the 30 mm projectile for the existing 3. A drive cam for reciprocating a bolt back and forth
20 mm cartridge. Some modifications are, of course, between a rearward, projectile loading position and a
required due to slight differences in configuration but forward, projectile firing position in a gun, said drive
the overall volume is substantially the same. 10 cam comprising,

FIG. 40 compares the diameters of a liquid propellant a hollow cylindrical member having a longitudinal
modular gun projectile in a 30 mm size with the car- axis disposed parallel to the axis of reciprocation of
tridge and projectile size for a conventional 30 mm solid the bolt and mounted for rotation about said longi-
propellant round. This figure graphically illustrates the tudinal axis,
space and weight savings which can be achieved for the Is a first spiral cam track formed on the inside of the
projectile feed systems in the 30 mm gun size with the hollow cylindrical member and engageable with a
liquid propellant modular gun of the present invention. hollowerylindrical ltemberrivd ehgagoltblorwith,

While we have illustrated and described the preferred cam follower on the bolt to drive the bolt forward,
of our invention, it is to be understood a second spiral cam track formed on the interior of

embodiments of of vention it mod estood the hollow cylindrical member and engageable
that these are capable of variation and modification, and 20 with the cam follower of the bolt to drive the bolt
we therefore do not wish to be limited to the precise rewadanicligabotmuedfreip
details set forth, but desire to avail ourselves of such rearward, and including a bolt mounted for recip-
changes and alterations as fall within the purview of the rocation within the interior of the hollow cylindri-
following claims. cal member, said bolt having a radially projecting

We claim: 25 cam follower at one end of the bolt and mounted

1. A drive cam for reciprocating a bolt back and forth for sliding movement radially inward and radially

between a rearward, projectile loading position and a outward of the bolt, and biasing means for biasing
forward, projectile firing position in a gun, said drive the cam follower radially outward of the bolt.
cam comprising, 4. The invention defined in claim 3 wherein the hol-

a hollow cylindrical member having a longitudinal 30 low cylindrical member includes dwell area means at
axis disposed parallel to the axis of reciprocation of the front and rear for permitting rotation of the hollow
the bolt and mounted for rotation about said longi- cylindrical member without producing axial movement
tudinal axis, of the bolt and wherein the forward dwell area means

a first spiral cam track formed on the inside of the includes a radially extending slot having sidewalls en-
hollow cylindrical member and engageable with a 35 gageable with the cam follower for rotating the bolt to
cam follower on the bolt to drive the bolt forward, a locked position.
and 5. The invention defined in claim 4 including receiver

a second spiral cam track separate from the first spiral cam means associated with the forward dwell area
cam track and formed on the interior of the hollow means and cam follower for moving the cam follower
cylindrical member and engageable with the cam 40 radially inward of the bolt and out of engagement with
follower of the bolt to drive the bolt rearward and the sidewalls of the slot after the bolt has been rotated to
wherein the hollow cylindrical member includes the locked position.
dwell area means at the front and rear for permit- *
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togie the desired buning rate. In this mane in- an axial boreF. of the same diameter as said passage in
necessity cf vai.c.; in these channels is obviaied. As srd pibion and ia alignment thcrewtth; -nans connected
soon as the hypergokE reactants meet in combustion to the rearward section for fe -ding p o le"Is into said
chamber 1i cortibutioa is initiated and the pressure paz-_-ge in said r-iston and oarrel; a d iferent di piston stop

therin egis toris. Wen tis resure as ise 40mechanism in said block for locking said piton in a rear-therin e-L-s t rie. Wen his resurehas ise 40ward cocked position; scavenging means for said gun dis-s 'lcersyto overcome the gas pressure actirg on piston53 f tafedplnerad h ilt rssr y~* posed int said block sections for preventing passage of pro-
p3rofelrt the dernd pithn bintps t r mo tack pent 'rm one of said bores tn said sleeve to the other;

proe~at. he iffretae prssre bin te boe 10and and rnealis for preventing retrogradce moucts of the pro-wvardly. This increases th pesur i te orses n after being ied into sad piston .-nd disposed be-
11 ar~d cioses the inlet chc-ck valves. The inrac- 5tw said feeding maeans and said rectrward section corn-pressure on the propellants in the bores 10 and 11 c
cl.rates the fe.d thereof through the orifice citanni!s prising a series of inwardly urged, radially' disposed

19 and 20 and increases the rite of cOmbustion until the j-.tungcis faig eeed fowrlsineres re whme apot-
piston has moved to the rearward end of its travel, in- cieisfdoralysadluesaecmedut
cident to ,he rearward movement of thve differential piston w3G yad;a na~yupnfradcerneo
13, the h, drauii(c link causes retraction of the feel plurzCr projecti..
to Permit .. iner projectile tofe fr h a-zn- 2. in a liquid propellant gun as defined in claim 1,

to fed frm th magzine whereint said differential piston stop mechanism cozaipriies
49 ir3 t .e f~ed canne 46.a r!un', -r radially sliable in said intermediate block, said

NVen -as pressure is built up in cor~ustinn chamber pltnger tcing projected in front of said shoulder on said
21 the prijctlile. which is in the barrel is propelled for- 55
wardly at high speed. The projectiles occupying the *.. crential piston when said piston is in a rearward posi-

betwen he ombutio chmbe andfee meha- tion and spring means to urge said plunger inwardly, saidspace bewe h obsinczbradfe ch- plunger teing, movable cutwardly to free said shoulder
nism are prevented from 'rearward movement by the by the application off fluid pressurc to the under side
plungers 56. It will L., noted ihat the -"arneter of the thereof.
projectiles and tbe dii'reter of the nss 16 arc sub- 0O 3. In a liquid propellant gun as defined in claim 1,
stantially the same so .bat the projctile- in the pt;ae wherein said scavenging means comprises an annular

*act as an obturator and pre..;uie thc necessity of any scavenging chz-nnel rtermdiate said bores in said sleeves
breech block mechanism. and a radial scavenging port providing conmmunicationi

When the projectile clears the barrel of the guin the between said channel and the extrrior of said block.
pressure in ihe comb;sVion ciambe4i immnediately drops 65 iiferenees Cited in the file of this patent
otf. The gas pressure acting on the foci! piston 53 now
moves the feed plungeCr forward a t-1 through the liy- UNII ED STATE S PATENTS
draulic link also moves tb, -.diffecrential piston 13 forward- 2,965,000 Skirwpr--------Dec. 20, 1960
ly so that the firing may automatically repeat. 2,981.153 Wilso't et aL------Apr. 25, 1961

It will be apparent thut Lite cinbosinent shown is only TO 2,986,072 Hudwa May 30, 1961

















u

April 11, 1967 E. G. DORSEY, JR.. ETAL 3,313,208
LIQUID PROPELLANT FOR SMALL CALIBER GUN

I!Filed March :5, 1953 2 Sheets-Sheet 1

Az

ThZZ

- R7

V E 1;~ na-syt -

ne-ir tNenir

Iriin 4- li clL o

Js

Iv



April 11, 1967 E. G. DORSEY, JR.. ETAL 3,313,208
LIQUID FROPELLANT FOR SMALL CALIBER GUN

Filed March 25. 1953 2 Sheets-She-2t 2

t~llo
Illl

111

C4

Edwnz'cl b.Dr~ d..

Z e rrur d A.N i erne-ie2%
Eusene T Pleiachhnuer,

* - ATTORN8-

Ar-WIY



7 7

°ff 3,313,208
tUnted States Patent Office Pateted 3,1,0

1 2
ing chamber. It will be understood that an indentical pilot

3.313,208 feed system (not shown) is provided for reservoir 4.
LIQUID PROPELLANT FOR SMALL In operation two reactive fluids which may be called

CALMlER GUN fuel and oxidant and cn be for example, hydrazine withEdward G. Dornzy, Jr., Ierrard A. Niemeler, and Eugene 5 hydroen 'eroxide. or hydrazine with nitric acid are sep-T. Fleischharer, Ri:hmond, Va., assignors. by mesne arateiy stored in their respective external tanks. One re-Sassignments, to the ITriled Sin:tes of Amaerica as repre- ,aeysodintirepcivexralak. er-

sented by the Secretary of the Army aclant is pumped ;nto reservoir 4 and 'he other into .zs-
Filed Mar. 25. 1953. Ser. No. 344,652 ervoir 5 until they are full whereupon the spring loaded

11 Claims. (Cl. 89-7) valves eff.ctiv.€y =- the fEuid therein. Tl:e gump.ng pr.s-
10 sure also forces a minute amount of the reactants into

This invention relates generally to ordnance, and in the opposed pilot feed systems so that reservoir 5 may
particular to a novel system for propelling projectiles hold the fuel amd the pilot system connected thereto will
from gun barrels or tubes. hold the oxidant while reservoir 4 holds the oxidant and

Our invention consists of a method whereby self-ignit- its pilot system contains a small amount of fueL Trigger-
ing chemicals may be intimately intermixed so that their 15 ing of the firing cycle is accomplished by moving the two
spontaneous reaction produces a pressure for projecti e pilot pistons forward by any suitable mechanical or elec-
ejection and flight. It will be understood that in the trical means. This motion forces the pilot fuel through
speciftcation and in the claims appended hereto the word the valves and into the firing reservoirs whereby a chemi-
"hypereolic" is intended to be used as defined in the De- cal reaction takes place accompanied by emission of heat
fense Department's Glossary of Guided Missile Terms, 20 and pressure limited only by the amount of pilot fluid in-
"Capable of igniting srontaneously upon contact." jected. The pressure built up by the reaction forces the

It is a broad object of cur invention to improve on the fluids down their respective passages and into a combus-
weapons now in use. It is a further and more particular tion chamber behind the projectile. When the ma'n hyper-
object of our invention to proviie a system for propelling golic fluids meet in the chamber a violent reaction takes
projectiles in which highly reactive liquid chemicals are 25 place whLreby the projectile is forced down the barrel
used in place of the usual solid propellants. and started on its trajectory.

It is a still further object of our invention to provide a Our invention is not of course limited to the specific
reactive chemical weapon which is safe to operate and examples of fuel and oxidant enumerated above but con-
reliable in use. templates the utilization of any and all substances and

Other objects of the invention will be evident from the 30 compounds that react spontaneously and violently upon
following description and the appended drawings in contact including a monopropellant such as nitro-methane
which: or methyl acetyiene with a catalyst

FIGURE I is a fragmentary longitudinal section of a An important variant of our invention is revealed in
preferred embodiment of our novel weapon. FIGURE 3 wherein reference character I indicates the

* FIGURE 2 is a view taken on lines 2-2 of FIGURE .S gun barrel haviS.g annular contact members 23, 24, and 2
1 and looking in the direct'on of the arrow, is the breech. A longitudinal passage in the breech re-

FIGURE 3 is a fragrm:;,ary longitudinal section of an- ceives a housing 26 having a cavity therein to hold spring
other species of our invention. valve 27 ada' ted to yieldingly close bore 28 which is con-

FIGURE 4 is a fragmentary longitudinal section of still nected by pice 29 to a storage tank. A plug 30 is thread-
another srec:ies of our invention. 40 edly held in the housing and has formed therein passages

Referring now to the drawings wherein like reference 31 leadiog to a combustion chamber 32 formed immedi-
characters indicate like parts and particularly to FIG- ately to the rear of a projectile indicated generally as 33.
URES I and 2. reference character 1 indicates a gun bar- The projectile, which will now be described, has an-
rel of conventional design threided or otherwise firmly nular rings 34 and 35 secured thereto adapted to engage
affixeJ to breech 2 thich has a longituJinal chamber contact members 23 and 24 substantially as shown. A
aligned wi:h the barrel for the reception of a projectile 3. 45 squib 36 is housed within the aforesaid parts of an inner
Tsso cavities 4 and S. respectively. are formed in the chamber 37 and is electrically connected to an external
I-reech as is best seen in FIGURE 2 ard serve as main source of electrical energy through leads 38 and 39.
firing reservoirs for the several hypergolic components The middle portion of the projectile is of a reduced di-
which corstitue the propellent charge. The volumes of ameter whereby an annular volume 40 is formed.
the cavities can he sclected as pro-cllant metering devices. 5 Frangible plugs 41 are held in holes communicating be-
Plugs 6 and 7 are threaded into the several cavities and tween inner chamber 37 and volume 40 and a frangible
serve to contain ipring loaded "all valve' F and 9 sub- disc 42 is held at the rear portion of the chamber sub-
stantially as shown. Pipes 10 and I1 connect the valves stantially as shown. It is intended to pre-load the projec-
with the main storage tanks for the hyrergolic fluids (not tile with one of the reactants (usually a fuel) which com-
shown). A pilot or triggering feed system is connected 55 pletely fills the internal chamber 37 and is in intimate
to each of the firing reservoirs 4 and 5 for a purpoie that contact with the squib housed therein.
will presently appear. As is revealed in FIGURE 1 an In operation the preloaded projectile is inserted by
auxiliary plug 12 is threaded into block 2 and contains a means nit shown, into the firing position in the weapon
spring loaded valve 13 c!osing the end of pipe 14 which is and the .ther reactant is aImitted under r.essure from
joined to pipe 10 or otherwise connected to the main stor- pipe 29 through passages 31 and into chambr 32 where-
age tank holaing the reactant fluid that normally is led upon it fills volume 40 and completely surrounds the pre-
into reservoir 4. A passage 15 extends downward from loaded reactanL When the squib is fired by exte.n',! trig-
the plug and connects with a chamber 16 extending nor- gering means the frangible plugs 41 are shattered amid the
mal thereto and having a narrow portion 17 opening into several reactants mix at the bead of the fuel and oxidant
reservoir S. A spring loa.ed piston IS and rod tdapted 65 columns. The pressure thus generated results in expul-
for external actuation are slidably received within cham- sion of the components to the rear and into the combus-
oer 16 and the forward motion of piston 18 is arre.'ed by tion chamber where they mix and a violent reaction takes
spring lode J ba!l valve assembly 19. From a point at or place to expel the pro.ct".e. After the di',charge another
near the bottom of res-rvcir 5 extends 'Jore 20 leading projectile = 'y be rapidly inserted by automatic means if
through valve assembly chamber 21 to ra~sage 12 which 70 desired to complete the cycle ana ready the gun for an-
opens into the rearward portion of the p ojectiie receiv- other round.
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A still further variant of our inver.ion is _llustrated in within said casing, said oxidant contained in a first chain-
FIGURE 4 %herein breech block 2 has a longitudinal ber within said member, said fuel contained in a second
p.-ss-ge therethrough to receive at the forward erd there- annular chamber formed between said member and said
of barrel 1. A projecile 3 is frictionally held aligned casing, means forming a plurality of passages at the rear
with the barrel for motion therein when the pressure in 5 of said member, means forming a plurali'y of passages

* chamber 43 reaches a predetermined val:e. The breecL at the front of said member whereby movement of said
block passage has a portion oi reduced diameter 49 member in a direction toward the said barrel joins the said

" to slidabl; receive the enlarged head of hollow piston first and second chambers for pressurization thereof and
* SO. Passages 52 radiate from the internal cavity 53 to expulion of the fuel and oxidant into the said combustion

te outer periphery of the piston head and passages 56 10 chamber.
lead from the internal cavity radially outward for a pur- 4. A firearm comprising in combination a breech cas-
pose that will presently be explained. A plug 54 is thread- ing. a barrel affixed to said casing, a projectile in said
ed in:o the rear end of the passage and serves to receive casing and aligned with said barrel, a combustion chain-
s;ring loaded valva 55 and to act as a lateral guide during ber, a propellant to exp- said projectile, said propellant
pis.on motion. A spring loaded valve 57 is threaded into 15 comprising an oxidant and a fuel, an elongated hollow
the breech block and leads into the annular volume 58 member axially movable within said casing, said oxidant
formed between the piston and the block, contained in a first chamber within said hollow member,

In operation one of the reactants for example an spid fuel contained in a second annular chamber in said
oxidant is pumped from a storage tank and forced through casing surrounding said hollow member, means forming
valve 55 to fill the volume 53. The other reactant is 20 a plura!ity of normally clcsed passages at the rear end
pumped from its tank and forced through valve 57 to of said hollow mcmber whereby axial movement of said
fill volume 55. The gun is triggered by moving piston 50 hollow member in a direction toward said barrel uncovers
forward by any suitable mechanical or electrical system the rear passages for effecting a limited degree of inter-
whereby passages 52 open into chamber 43, volume 58 is mingling of oxidant and fuel to pressurize both chaun-
opened into chamber 43 around the piston and passages 23 bers. and means comprising a plurality of normally closed
56 connect voumes 53 and 58. A minute quantity of passages at the front end of said hollow member where-

the reactants wiji move through the passages 56 and a by the o::idant is forced from its chamber through said
chemical reaction accompanied by a pressure rise occurs front passages under said internally developed pressure
in the area adjacent the rassages. This pressuic forces and simultaneously fuel is forcel from its chamber to
the contents of volume 58 forward around the piston and 30 pass said hollow r:ember to intermingle with the fuel in
into chamber 43 and the contents of volume 53 through the combustion cl.amber and detonate therein spon-
-assage 52 into chamber 43 where the reactants mix and taneously.
expel the projectile. 5. A liquid propellant gun comprising a breech casing,

In a general manner, while we have, in the above de- a ba.rel affixed to said casing. a projectile in said casing
scripticn dlsc.osed what we deem to be practical and 33 aligned with said barrel, a combustion chamber in said
ec..ient embcdiment of the present invention, it should casing behind said projectile, a hypergolic propellant com-
Ie- ll underiood that we do not wish to be liaited prising an oxidant and a fuel contained in separate chain-

thereto as the- might be changes made in the arrange- bers in said gcn. injection means adapted to admit a
rien%. dispo;::ioa;. and form of the parts without depart- predetermined quantity of fuel into said oxidant chan-
i: from the principle of the present invention as com- 40 her and a predetermined avant'ty of oxidant into said fuel

prehended within the scope of the accompanying claims, chamber to pressurize each said fuel and oxidant cham-
What we claim is: bers, and passages bereen each said fuel and oxidant

I. A gun comprising a breech casing, a barrel affixed chamber and said combustion chamber.
to said casing, a projectile in said casing and aligned wi:th 6. A gun comprising a breech casing, a b'z..el affixed
the said barrel, a prop-llant comprising an oxidant and 45 to said casing, a combustion chamber in said casing com-
a fuel, said oxidant and said fuel contained in separate municatina with said barrel, a fuel chamber in said cas-
c:ambers formed in said gun, means including a passage ing containing a hypergolic fuel, an oxidant chamber in
to admit a predetermined quantity of fuel into the oxidant said casing containing a hypergolic oxidant. przssu.izing
chamber, a passage to admit a quantity of oxidant into means operatively associated with said fuel and oxidant
the fuel chamber to pressurize each said fuel and oxidant 50 ch.,mbers. said pressurizing means injecting a predeter-
c'ambers, and means forming passages from the chan- mined quantity of fuel ihto said oxidant chamber and a
bet-s to fnterminglc the said oxidant and the said fuel be- predetermined quantity of oxidant into said fuel cham-
hind the said projectile and detonate spontanevusly. ber to pressurize each said fuel and oxidant chamber. and

2. A firearm comprising in combination a breech cas- passages connecting said fuel :!nd oxidant chambers to
ing, a barrel affixed to the said casing, a projectile in said 55 said combustion chamber whereby the fuel and oxidaut
casing and aligned with said barrel, a combustion cham- are forceably intermixed in said combustion chamber.
ber, a propellant to expel said projectile, said propellant 7. In a hy.pergolic proptilant gun a breech casing, a
comprising an oxidant and a fuel, an elongated hollow plurality of firing reservoirs in said breech, an oxidant
member lon;ittdina;;y movable within said easing, said in half of said reservoirs and a fuel in the remainder of
oxidant contained in a first chamber within said hollow o said reservoirs, a triggering feed system for said reservoirs
Lnember, said fuel contained in a second annular chamber to expel the said oxidant and fuel therefrom under pres-
in said czsing surrounding said hollow member between sure, said system comprising a fuel chamber having pas-
said member and said casing, nieans forming a plurality sages connected with said oxidant reservoirs, an oxidant
cf passages at the rear of said member, means forming a chamber having passages connected with said fuel res-
plurality of passages at the front of said member whereby 63 ervoirs and means to discharge the fuel and oxidant in
movement of said member in a direction toward the said said chambers into said reservoirs, and pasrage means
barrel joins the said first and second chambers at th,. rear to conduct said fuel and oxidant in said reservoirs to a
thereof to effect a limited expansion in both chs, nbers combustion chamber for spontaneous combustion therein.
to expel the fuel and the said oxidant into the sai I com- 3. A liquid propellant firearm comprising a breech cas-
bustion chamber. 70 ing, a barrel affixed to said breech casing. a projectile in

3. A firearm comprising in combination a breech cas- said casing aligned with said barrel, .hypergolic r-o-
ing a barrel affixed to the said casing, a projectile 'a said pellant comprising an oxidant and a fuel, sep:.rnto :.-s-
casing and a'igned with said barrel, a combustion haim- ervoirs, one of which is within said project.Je, contajning
ber in said casing, a propellant comprising an c idant predetermined quantities of said oxidant and said tuel,
and a fuel, an elongated member longitudinally msvable r. means to ittermi said predetermined quantities of said

'1 1-"" t
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oxidant and said fuel in a combistion chamber including said oxidant and said fuel in a com.bustion chamber in-
a first passage conrecting said oxidant reservoir wih said c!uding a first passage connecting said oxidant reservoir
combustion chamber and a second passage connecting with said combustion chamber and a second passage con-
said fuel reservoir with said combustion chamber, nor- necting said fuel reservoir with said combustion chamber,
mally closed conduit means associated with the reservoir 5 normally closed conduit meam associated with said oxi-
in said projectile and the other said reservoir to connect dant and said fuel reservoirs to connect said fuel reservoir
said fuel reservoir with a source of said oxidant and said with a source of oxidant and said oxidant reservoir with
oxidant reservoir with a source of said fuel, triggering a source of said fuel, means initiated on firing said gun to
means initiated on tiring of said gun to open said nor- open said normally dosed conduits and allow intermixing
mally closed conduits and allow intermixing of a small 10 of a small quantity of fuel and oxidant to pressurize
quantity of fuel anci oxidant to pressurize said fuel and said oxidant reservoir and said fuel reservoir and force
oxidant reservoir and force the predetermined quantities said predetermined quantities of said oxidant and said
of said oxid-nt and said fuel through said first and scc- fuel through said first and second passages for inter-
ond passages into said combustion chamber, mingling and spontaneous ignition in said combustion

9. The firearm as in claim 8 wherein said fuel cham- 15 chamber.
ber is formed in said projectile and said oxidant chamber Reference C'ded by the Examiner
is formed in said casing concentric with said fuel cham-
ber in said projectile. UNITED STATES PATENTS

10. The firearm as in claim 8 wherein said fuel chain- 2,129,875 9/1938 Rost ---------------- 89-7
her is formed in said projectile and said oxidant chamber 20 2,573,471 lq/1951 Malina et aL
is formed concentric with said projectile and between said
projectile and said casing when said project i1 is in said FOREIGN PATENTS
casing. 1,003,687 11/1951 France.

11. A liquid propellant gun comprising a breech cas- 405,645 1/1934 Great Britain.
ing. a barrel affixed to said casing, a projectile in said 25
casing aligned with said barrel, a hypergolic propellant SAMUEL FEINBERG, Primary Examiner.
comprising an oxidant and a fvel, separate reservoirs con- SAMUEL BOYD, Examiner.
taining predetermined quantities of said oxidant and said
fuel, means to intermix said predetermined quantities of S. H. GOLDMAN., S. W. ENGLE, Assistant Examiners.
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in the rear r.oti.-n of said housing abuting a radial pro- 2,947221 8/1960 Griffin ct al.
jection on said piston and a cap secured t) the end of 3.011,404 12/1961 RusselL .
said housing, a sc.r pivotally attached at one end to said
housing. the othie end of said scar engaging a notch in 3,97,602 711963 Turner.

said piston thereby holding said piston in a cocked posi- 5 3,214,909 11/1965 Gordon.
tion, said sear beitg biased into said notch by a second FOREIGN PATENTS
spring means on t!,c side of said housing.

5.317 1/1826 Great Britain.
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United States Patent oi fi 3,712,171
Sweigart 14SI Jan. 23, 1973

1541 SPRING ACTUATED LIQUID 3,479,818 1111969 Strobl .................. . .... 60/39.48
PROPELLANT GUN SYSTEM

[75 Inventor: Jon L. Sweigart,- Fredericksburg. Primary Eraminer-Samuel W. Engle
5 n ae Atorney-R. S. Sciascia and Thomas 0. Watson. Jr.. Va.

1731 Assignee: The United States of America as [571 ABSTRACT
represented by the Secretary of the A gun system employs liquid oxidizers and fuels in-
Navy stead of the conventional solid propellants. To start a

1221 Filed: Nov. 16, 1970 cycle, a propellant chamber is pressurized with liquid
propellant to 5,000 PSI. The fluid pressure actuates a

(21] Appl. No.: 89,740 piston which is movable within the propellant
chamber to automatically compress a spring. The

[521 U.. Cl ....................... 89/7, 60/26.1.60139.74 R piston is provided with commercial O-ring seals that
[511 Int. Cl ........................ F41f 1/04 are capable of withstanding the 5,000 PSI anJ seal the
[581 Field of Search ........ 897,8. I; 60139.46, 39.48. only opening in the propellant chamber. After pres-

60/39.79, 26.1 surization a quick-acting valve is opened. and the
spring-biased piston forces the liquid propellant

1561 References Citto through nozzles and into a combustion chaknber where
the ensuring combustion launches a projectile. Since

UINITED STATES PATENTS the pressure in the combustion chamber equalizes
with the pressure in the propellant chamber, the max-

2.991.153 4/1961 Wilson. Jr. et al ........................ 3917 imum pressure applied to the seals is the 5,000 PSI
3,138.990 611964 Jukes et at .................................. s9f spring pressure.
2,986.072 5/1961 Hudson ................................... 8917
2.922.341 1/1960 Treat. Jr .................................. 89n' 9 Claims, 3 Drawing Figures
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t SPRING ACTUATED LIQUID PROPELLANT GUN Due to the arrangement of the combustion chamber
SYSTEM and the propellant chamber, when combustion ensues,

.STATEMENT OF GOVERNMENT INTEREST the pressure produced is applied to the forward end of
the piston as well as through the propellant chamber to --

The invention described herein may be manufac- 5 the aft end of said piston, In this manner, equal and op- -
b tured and used by or for the Government of the United p,,site combustion pressures are applied to the piston

States of America for governmental purposes without and seals. Thus, the resultant driving force and the only
the paynient of any royalties thereon or therefor. net force applied to the piston seals is that produced by

' ' the spring.
BACKGROUND oF THE INVENTION 10 Moreover, as a resuft o the force the spring-biased

The present invention relates generally to improve- piston applies, the system provides an increasing mas
ments in propellant gun systems, and more particularly flaw of propellant to enter the combustion chamber as

it pertains to a new and improved spring-actuated the projectile moves down the gun tube. This nables
liquid propellant gun system wherein the maximum ~the gas pressure behind the projectile to remain sub-

pressure the piston seals will be subjected to is the stantially constant during its internal ballistic path.
spring pressure rather t an the full pressure produced Other objects, advantages and novel features of thepin the combustion chamoer. invention will become apparent from the following

In the prior art, liquid propellant guns have been detailed description of the invention when considered

designed using the differential piston technique. Such 20 in conjunction with the accompanying drawings.
devices have been unsatisfactory as the O-ring seals are BRIEF DESCRIPTION OF THE DRAWINGS
required to seal the full combustion chamber pressure.
However, commercial O-ring piston seals are only FIG. I shows a cross section of a preferred embodi-
capable of handling up to 5,000 PSI and therefore can- ment of the spring-actuated liquid propellant gun;
not withstand the full chamber pressure to which they 25 FIG. 2 illustrates a section of the device taken on the

i .,are subjected. Another problem in the prior art has line 2-2 of FIG. I looking in the direction of the ar-
* ' been the difficulty in providing a sustained pressure rows;and

ht pi l .FIG. 3 shows a section of the device taken on line
during the projectiles internal ballistic path. In opera- 3 of FIG. 2 looking in the direction of the arrows.

T tion, as the projectile moves down the gun tube, the 30
volume of the combustion chamber increases, thereby DESCRIPTION OF THE PREFERRED
decreasing the overdl pressure applied to the projec- EMBODIMENT
tile.

FIG. 1. which illustrates a preferred embodiment of
OBJECTS OF THE INVENTION the liquid propellant gun. shows an assembly 10 having

• an elliptical propellant chamber 12 and a cylindrical
Accordingly, it is an object of the present invention combustion chamber 14. A suitable quick-acting valve

* ~~to provide a liquid propellant gun system wherein the cmuto hme 4 utbeqikatn av16, such as a gate valve, separates chambers 12 and 14.seals are required to withstand only 5,000 PSI spring Valve 16 may be mechanically operated, as by a spring
- pressure.

Another object is the provision of an increased mass 40 (not shown), or electrically operated, as by a solenoid

flow of propellant to enter the combustion chamber as (not shown). With valve 16 closed, liquid propeflant is
• pumped into propellant chamber 12 through a suitable

. the projectile moves down the gun tube whereby the valve I.

pressure driving said projectile is maintained substan- A piston 20 is slidingly mounted within a bore 12.
tially constan. 45 for reciprocation between propellant chamber 12 andA further object of the invention is to' provide greater combustion chamber 14. A hole IS is provided in com-
gas pressure behind the projectile during its internal bustion chamber 14 to receive piston 20. As seen in

4 ballistic pash. FIG. 2. piston 20 is provided with a concave head or
SUMMARY OFTHE INVENTION face 21. This is by way of example only, as the piston

"So head may have other shapes, such as flat or spherical.
The general purpose of this invention is to provide a The pressurized propellant applies a force to the aft

spring-actuated liquid propellant gun system which end 23 of piston 20 to move it through hole IS and into
4 uses liquid oxidizers and fuels instead of the conven- combustion chamber 14. The piston 20 is fixedly at-

tional solid propellants normally employed in propel. tached to two L-shaped connecting rods 22 (see FIG.
lant gun design. To start the cycle, a propellant 55 2) which reciprocate in paths 25 outside of propellant
chamber is pressurized with liquid propellant to 5.000 chamber 12. A circular plate 24 is mounted at the other
PSI. The fluid pressure actuates a piston movable end of connecting rods 22. Connecting rods 22 and

" within the propellant chamber to automatically com- plate 24 are mounted to reciprocate in a driving
press a spring. The piston is provided with commercial chamber within a cylindrical housing 26 and thereby
0-ring seals that are capable of withstanding the 5,000 60 compress a spring 2 against wall 30 of housing 26.
PSI and seal the only opening in the propellant Spring 28 is supported by plate 24 and is situated below
chamber. After pressurization a quick-acting valve is piston 20 in the separate housing 26 because of its size
opened and the spring-biased piston forces the liquid and to prevent exposre of the spring to chamber tern-
propellant through nozzles and into a combustion 65 perature and gases. Commercial O-ring seals 32 are
chamber where the ensuing combustion launches a mounted on piston 20 and are capable of withstanding
projectile. At emission of the projectile the quick-act- the 5,000 PSI to which the propellant chamber 12 is
ing valve is closed and the cycle is complete, subjected to.

I'
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As seen in FIG. 1, a suitable inlet means, such as noz- of piston 20. which increases the mass flow of the
, zles 34, are provided to allow the liquid propellant in propellant entering combustion chamber 14 as the pro-

propellant chamber 12 to enter combustion chamber jectile 38 moves down gun tube 36.
14, when gate valve 16 is opened. Nozzles 34 provide Obviously many modifications and variations of the

- 3 the necessary propellant injection into combustion 5 present invention are possible in the light of the above
chamber 14. Combustion chamber 14 is ad;acent to teachings.
and opens into a gun tube 36 in which the projectile 38 What is claimed is:

7 to be launched is located. 1. A liquid propellant gun system comprising:
in operation, to start a cycle, gate valve 16 is closed a housing having a combustion chamber, at least one

and liquid propellant is pumped into propellant 10 propellant chamber and at least one driving
" chamber 12, under pressure, via valve 18. This applies chamber therein;

a pressure of 5,000 PSI to the aft face 23 of piston 20 to a first passageway in said housing connecting said
actuate it in a forward direction, into combustion combustion chamber and a first propellant
chamber 14, and thereby automatically compress chamber.
spring 28. (Or, of course, in the alternative, spring 28 a first piston slidingly and sealingly mounted within
may be mechanically compressed and liquid propellant said first passageway;

I then pumped into propellant chamber 12.) After said first piston having a forward ;ace exposed to
, propellant chamber 12 has been pressurized to 5,000 pressure within said combustion chamber and an

- PSI and spring 28 compressed, gate valve 16 is opened. 20 aft face exposed to pressure within said first
This causes spring 28 to expand and thereby actuate propellant chamber, said forward face and said aft
piston 20 in an aft direction to force the pressurized face having equal projected areas;
liqiid propellant through nozzles 34. As liquid propel- first biasing means within a first driving chamber
Pant enters combustion chamber 14, the combustion connected to said first piston for normally biasing
cycle starts. If a monopropellant is used, an igniter (not 25 said first piston away from said combustion
shown) is inserted in combustion chamber 14. If a chamber,
hypergolic mixture of an oxidizer and fuel is used, a first means to force said first piston toward said com-
piston system for each could be used with combustion bustion chamber against the force of said first bias-
starting at the first contact of the two fluids. ing means;

As a result of the propellant being forced into com- 30 a second passageway in said housing communicating
bustion chamber 14 by the recoil of piston 20, the pres- with said first propellant chamber and said com-

sure in combustion chamber 14 equalizes with the pres- bustion chamber,
sure in propellant chamber 12. In addition, the pressure first valve means for controlling communication
produced as a result of combustion is transmitted through said second passageway of said first
through the propellant in chamber 12 and applied to 35 propeliztchamber and said combustion chamber;

t[ ; the aft face 23 of piston 20 as well as being directly ap- and
plied to the forward face 21 of piston 20. In this a gun tuir extending from said combustion chamber.
manner, equal and opposite pressures are applied to 2. The gun system of claim I wherein said first piston
piston 20 and seal 32 since the projected areas of the has an o-ring seal thereon.
forward and aft faces are equal. Thus, the resultant 3. The gun system of claim I wherein said first bias-
driving forcc and the only net force being applied to ing means comprises a plate connected to said first
seals 32 is the 5,000 PSI produced by the compression piston and movable within said first driving chamber
of spring 28. The explosive pressure of the combustion and a spring means for normally biasing said plate awayprocess forces projectile 38 out of gun tube 36. At 45 from said combustion chamber.

emission of projectile 38, gate valve 16 is closed, thus 4. The gun system of claim 3 wherein said first valve
stopping the cycle. means comprises nozzle means to provide injection of a

- As a result of spring-loaded piston 20 forcing the propellant into said combustion chamber and a gate* pressurized fluid through nozzles 34, it is seen how the valve to control flow through said nozzle means.
invention provides an increasing mass flow of propel- 50 5. The gun system of claim 4 wherein said first means
lant to enter combustion chamber 14 as projectile 38 comprises the pressurized propellant within said first
moves down gun tube 36. The pressure produced by propellant chamber.
the combustion process is distributed over the con- 6. The gun system of claim 4 wherein said first means
tinually increasing volume of combustion chamber 14 comprises mechanical means to compress said first
as the projectile 38 moves down gun tube 36. This in- 55 biasing means.
crease in volume would normally decrease the effective 7. The gun system of claim 4 wherein L-shaped con-
pressure being applied to projectile 38. However, in the neeting rods connect said plate tc said first piston.j present invention, the increased flow of propellant 1. The gun system of claim I wherein a third

I being forced into combustion chamber 14 by piston 20, passageway connects a second propellant chamber
maintains a constant pressure in the combustion 60 with said combusion chamber
chamber as its volume increases whereby the effective a second pistn slidably and sealingly mounted

*, pressure being applied to projectile 38 is maintained within said third passageway, having an upper face
substantially constant during its internal ballistic path. exposed to pressure wit:hin said combustion

a One criterion for the liquid proptllant gun to func. chamber and a lower face exposed to pressure
tion properly is that the nozzle area 34 must be equal to within said second propellant chamber;
the area of the piston 20. This enables the spring 21 to a second driving chamber having second biasing

" move at its mainrm velocity and increase the velocity means therein connected to said second piston for

A"
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normally biasing said second piston away from said a piston slidingly and sealingly mounted within said
c ombustion chamber. first passage having a forward face exposed to

second means to force said second piston towards pressure in the combustion chamber and an aft
said combustion chamber against the force of said face exposed to pressure in said propellant-
second biasing means; S chamber;

iI a fourth passageway in said housing communicating said forward face and said aft face having equal pro-

with said second propellant chamber and sai4 jected areas;
- ombustion chamber , and biasing means connected to said piston for normally

second valve means for controlling communication urging said piston away from said combustion
through said fourth passageway of said second 10 chamber;
propellant chamber and said combustion chamber, nozzle means within said second passage to provide

9. A liquid propellant power plant which comprises: injection of a propellant from said propellant
a housing having a combustion chamber, at least one chamber into said combustion chamber;

propellant chamber and at least one driving valve means to control the flow of propellant through
chamber therein; i5 said nozzle means; and

a first passage and a second passage both connecting means for urging said piston toward said combustion
said propellant chamber with said combustion chamber.
chamber, • * •
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FIG. 3 is a longitudinal cross sectional view of a semi-

LIQUID PROPELLANT GUN cased projectile useable in the device of FIG. 2.

BACKGROUND OF THE INVENTION DESCRIPTION AND OPERATION

The present invention relates to liquid propellant 5 The breech area of a liquid propellant gun according
guns and particularly to an injector assembly tu.:refor. to the invention is indicated generally by the numeral
The invention has for an object thereof the prevention 10 in FIG. 1. The breech end of the barrel is indicated
of back pressure on the injector mechanism, at 12, the breech block at 14 and the magazine side of

Previous designs, for example, have subjected the the breec', at 16. The block 14 slides in a slot 18 pro-
injection mechanism to firing pressures. To survive 10 vided in the barrel-breech area the rear portion 20 of

* firing, these components had to be small. This limited which slot provides the locking or reaction surface
the propellant flow areas, slowing injection and rate of during firing.
fire. Additionally, flow passages were left exposed, The parts are shown in position ready for firing with
allowing ullage, unburned propellant, and structural the projectile 22 forward of the block 14 and presum-
weakening. Guns of this type have been known to fail 1 ably with the fuel chamber area 24 filled with liquid
by hot gas leakage into the injector mechanism often
with resulting spontaneous disassembly. propellant fuel. The fuel is ignited by a spark igniter 26

The present invention is an improvement over the which is shown chambered within the sliding block 14.
prior liquid propellant gun design disclosed in Assign- A circumferential breech seal 28 is recessed in the

prio liuid ropllat gu deigndiscose inbreech end of barrel 12 and is designed to react to the
ee's prior application Ser. No. 612,817 filed Sept. 12, 20
1975 and identified as Navy Case No. 57678. rising propellant pressures preventing the escape of the

The design in assignee's prior application referenced products of combustion.
above protects the injector mechanism by advancing The injector assembly 30 is located in the lower pc-
the bolt to block the firing pressure. In other words, tion of block 14 and consists of a circumferential injec-
after injection, the bolt is moved forward translating 25 tion valve 32 coaxial with the projectile ram or bolt 34
the projectile, propellant charge, and bolt mechanism and bolt actuator 34'. Movement of the injection valve
down bore until the end of the bolt is ahead of the 32 is accomplished by changing pressure in one side or
injector. The bolt mechanism must then stop and lock the other of hydraulic control chamber 37 with hydrau-

* the gun before firing. This protects the injector, but the lic means through ports 36,38 and the liquid propellant
bolt actuation and locking system is complicated and 30 is supplied under pressure through the port 40 into the
must be heavy enough to withstand firing pressures. area 41 which is a part of the fuel chamber when block
Power requirements are high and the rate of fire is 14 is in the injection position.
reduced as a consequence of the stop-start action. With the parts in the position shown in FIG. 1, when

SUMMARY OF THE INVENTION it is desired to fire another projectile, the breech block
35 14 is shifted upwards until the axis of the injector valve

According to the present invention the injector 32 is in line with the bore. The projectile ram 34 is
mechanism is protected from firing pressures by a de- simultaneously withdrawn to pick up a new round from
vice in the form of a sliding block. The injector mecha- the magazine and then returns to ram the round into
nism and bolt are in one portion of the block and the the breech block area. When the liquid seal 23 on the
firing device is in a second portion of the block. After 40 projectile 22 enters the barrel 12 the ram 34 is halted.
injection, the block is moved to a position with the The injection valve 32 is next opened by hydraulic
injector mechanism and bolt out of line with the barrel signals through port 36 allowing an external pump to
and with the firing device then in line with the barrel. deliver a new charge of propellant. The new charge
Sliding the injector completely away from the high enters through a port 40 in the breech block and flows
pressure area protects it and the propellant supply 45 into the space between the projectile and ram. The
system from the high pressures and dangers of fuel or liquid seal 35 on the ram 34 along with the seals 23 and
gas leakage. There are no passages, slots or holes ex- 28 on the projectile and the breech end of the barrel
posed to propellant and breech pressures during firing. resThis eliminates pockets of trapped propellant as well asisuhieliagmainrases okthestreg of te hn prssell as pumped into its firing position as shown in FIG. 1. After
ullage and increases the strength of the high pressure 50 injection, the valve 32 is closed by hydraulic action and
area. the ram moved forward until flush with the breechThis arrangement also results in a short compact block as the breech block is shifted back to its position,
design well adapted to large caliber guns where a long
bolt assembly would be unwieldy. Accoidingly, the as shown in FIG. 1, and the gun is ready to fire. The
sliding breech block type injector module simplifies 55 breech seal 28 is under pressure at this time and pre-
liquid propellant gun design by eliminating the complex vents leakage as the breech block shifts.
bolt, bolt actuation, bolt jog and bolt lock of the prior A modified liquid propellant gun is generally indi-
mechanism resulting in faster firing rates made possible cated in FIG. 2 by the numeral 100. The FIG. 2 device
because the moving parts are smaller, lighter and operates in all respects as the device of FIG. I with a
moved through shorter distances. 60 few exceptions.

The projectile 22 which is used in the FIG. 2 devices
BRIEF DESCRIPTION OF THE SEVERAL VIEWS comes equipped with a short case 125 as shown in FIG.

OF THE DRAWINGS 3. The case 125 is equipped with a standard pyrotech-
FIG. I is a longitudinal cross sectional view of the nic ignition system 127 and a sealing ring 129. The case

* breech area of a liquid propellant gun according to the 65 125 is assembled to projectile 122 with a fit light
invention designed to fire caseless ammunition; enough to insure relative separation during injeftion.

FIG. 2 is a view similar to FIG. I of a modification for After injection, the case, propellant charge, and projec.
firing semi-cased projectiles; and tile are rammed to the firing position shown in FIG. 2.
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With this arrangement the breech end of the barrel block portion when said block is in said loading
and the ram need not be fitted with seals and the ram position.
134 may be modified to include a case extractor. 3. The gun of claim 2 further including:

This arrangement simplified the gun design by pro- a first obturating seal in said barrel at the juncture of
viding a new high pressure breech seal and igniter for 5 said forward breech portion and said block and a
each slot. Additionally, the projectile base is enclosed second obturating seal on the forward end of said

bolt.
and protected by the semi-case feature which advanta- 4.

geouly rotctsthe fuze, fins, rocket motor or guid- 4. In a liquid propellant gun for firing semi-cased orgeously protects tuncased rounds, the combination comprising:
ance mechanisms in more complex projectiles. 10 a gun barrel;

What is claimed is: a breech;
I. In a gun, a breech block slidably received in said breech and
a sliding breech block movable between a firing posi- movable from a first position for firing and a sec-

tion and a loading position, ond position for loading;
a firing device chambered in a first portion of said 15 a firing device chambered in said block such as to be

E block, placed substantially concentric to and in communi-
valve means including a cylindrical valve slidably cation with the bore of said barrel when said block

mounted in a second portion of said block and is in said first position;
defining with said second block portion a fuel a cylindrical valve slidably mounted in said block
chamber and a hydraulic control chamber, 20 such that said valve is placed concentric to and

so that said valve means is removed from the breech communicating with the bore of said barrel when

area when the gun is in said firing position ready to said block is in said second position;
be fired by said firing device. a bolt and bolt actuator associated with said blocksuch that said bolt is slidably received within said

2. The gun according to claim I further including: 25 valve so that;
a forward breech portion receiving a tubular barrel, when said block is in said first position, said firing
a rearward breech portion having a bore, device may be actuated for firing a projectile; and
a bolt and bolt actuator mounted for sliding action in when said block is in said second position, said bolt

said bore and movable from a position wholly may be reciprocated to reload the gun.
within said bore to a position within said second 30 * * * * *
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ization of the propellant in chamber 22. A wedge

LIQUID PROPELLANT GUN shaped pumping area is formed between the tapered
surface of the forward wall of chamber 22 and the

BACKGROUND OF THE INVENTION tapered surface of the forward end of valve 18 is indi-

The present invention relates to liquid propellant 5 cated at 32. Propellant pressure acts on the wedge
guns, and more particularly, to a liquid propellant gun shaped valve "pumping area" 32, causing the valve to
which includes a mechanism for synchronizing propel- open. The amount of pressure necessary to open the
lant injection with bolt-action for rapid fire. valve is determined by the contour of the "pumping

Previous known designs have used switches to sense area" and the closure force on the valve. The closure
position and individual actuators to position the bolt, 10 force is regulated by applying a constant hydraulic or

( open the injection valve, pump the propellant, and pneumatic pressure through port 34 to a piston 36
close the valve. This is unacceptably slow, complex, which bears upons a flange 38 at the rear of the valve.
and unreliable for rapid fire action. One prior art de- When the valve opens, the bolt, ball and pump move
vice has a drum cam containing separate cam paths forward, pumping propellant between the bolt and
cooperating with separate followers for actuating the 15 projectile.
bolt, valve, and propellant pump. This arrangement, Near the end of the injection, the pump piston 16
however, results in a very complex, cumbersome and strikes a shoulder 40 on valve 18 forcing the valve
expensive system. closed. When the pump and valve are completely

SUMMARY OF THE INVENTION closed, chamber 22 is practically empty and the bolt
20 nose is flush with the valve seat as indicated by dotted

The present invention provides apparatus usable in line 42. In this position, the balls are in line with the
liquid propellant guns such as those described in assign- circumferential groove 44 in the receiver. The balls are
ee's prior copending applications Ser. No. 612,817, pushed into this groove as the bolt then moves forward
filed Sept. 12, 1975 now U.S. Pat. No. 3,992,976 and into firing position indicated by dotted line 46. This
Ser. No. 613,690 filed Sept. 15. 1975. 25 additional travel is designed to protect the injector

The present invention relates to a valve, pump, and valve and pump from breech pressure when the propel-
bolt combination wherein the propellant pump and lant is ignited.
valve member are interconnected by a ball detent, for After firing, the bolt is withdrawn allowing the syn-
example, and wherein the valve is forced open by dif- chronizer balls to drop out of their receiver groove 44
ferential pressure and automatically closed, for exam- 30 releasing the pump; fresh propellant is introduced
pie by abutment of pump surfaces. Forward movement through port 48 pushing the pump back to its original
of the bolt, in the preferred embodiment, causes for- position and the assembly is in position to receive a new
ward movement of the propellant pump through the projectile. The cycle can then be repeated.
interconnection of a ball detent. After injection, the From the above it can be readily seen that this inven-
ball detent connection is relieved and the bolt contin- 35 tion simplifies the synchronization problems inherent
ues forward to pressurize the propellant charge and in liquid propellant guns. The multiple synchronizing
seat the projectile before firing, balls control the position of the valve and pump under

filling, pumping, and firing conditions, and maintain
BRIEF DESCRIPTION OF THE SEVERAL VIEWS the required gun kinematics. The bolt is the only com-

OF THE DRAWING 40 ponent which requires actuation from an external

The sole FIGURE illustrated on the drawing is a source.
partial longitudinal cross-sectional view taken in the The pump, valve, and synchronization mechanism
breech area of a propellant gun according to the pre- may be contained within a single replaceable module
sent invention. allowing low-cost fabrication and easy ma'ntenance.

45 Further, since the synchronizer balls hold the valve and
pump locked closed and empty whenever the bolt is in

The breech area of a liquid propellant gun according the firing position, the quantity of propellant present
to the present invention is generally indicated at 10 on and thus the danger of damage is minimized in case of
the drawing. The components shown include a barrel a casualty.
portion 12 and an integral receiver 14. Contained 50 Although only one embodiment of the invention has
within the barrel and receiver arc a propellant pumping been described and illustrated, it should be mentioned
piston 16, a propellant control valve 18, and plurality that pumping forces on the bolts may be relieved by
of radially spaced synchronizing balls 20. slight modifications of the system. One suggested modi-

The firing cycle begins with the pump piston 16 in the fication comprises a hydraulic pump actuator built into
position shown. The chamber 22 in front of piston 16 is 55 the receiver which may be actuated by a signal from the
full of propellant and the valve 18 is closed. A projec- bolt to help move the propellant pump. This arrange-
tile 26 has been loaded through an opening (not ment removes some of the load from the synchronizer
shown) in receiver 14 through the relieved portion of balls during the injection cycle. Also, the closure pres-
valve 18 while the bolt was in its rearmost position. sure through port 34, may be relieved upon a signal
This operation may be better understood by reference 60 from the bolt movement, venting the pressure at that
to Patent No. 3,992,976 referenced above. The bolt 24 point, thus allowing the valve to be popped open sub-
began the cycle by pushing projectile 26 into the injec- stantially without resistance. This arrangement reduces
tion position shown. The bolt stopped when it engaged pumping loads both on the bolt and the synchronizer
the synchronizer balls 20, which are positioned in holes balls.

* or bores 28 in the pump extension and confined in axial 65 Alternatively, the balls can be arranged to strike the
slots 30 provided in the body of valve 18. end of the valve slot 30 to close the valve, thus elimi-

When bolt 24 and pump member 16, locked together nating the need for shoulder 40 on valve body 18. An-
by the balls 20, are moved forward they cause pressur- other option for closing the valve would be to slow the

pB
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bolt toward the end of the injection cycle and allow the 5. The liquid propellant gun of claim 4 wherein said
closure piston 36, to close the valve. Further, a combi- interconnecting means comprises at least one detent
nation of the last two alternatives has been suggested. member slidably mounted in a bore in said pump means

What is claimed is: and including a portion thereof riding in a slot in a

I. In a liquid gun having a barrel, a receiver, a chain- 5 portion of said valve means.
ber, a bolt slidably mounted in said receiver and chain- 6. The liquid propellant gun of claim 5 and each said
ber for reciprocating motion along the axis of said detent member being a metal sphere.
barrel, and means for injection of fuel for firing a round 7. The liquid propellant gun of claim I further includ-
from said barrel, the improvement comprising: ing:

valve means in said receiver cooperating with said 10 a first tapered surface forming a portion of the for-

bolt for controlling access of fuel to said chamber; ward wall of said chamber in line with the forward
pump means in said receiver coaxial with said bolt end of said valve means; and

and cooperating with said valve means and said a second tapered surface on the forward end of said

bolt to pressurize fuel in said chamber. valve means;

interconnecting means linking said valve means and 15 said tapered surfaces being at slightly differing angles

said pump means and responsive to action of said to the longitudinal axis of the barrel so as to form a
bolt to effect injection of fuel from said chamber to wedge shaped pumping area;
aboiton fetwneetin e o a d h . whereby, when propellant is forced into said cham-
a position between the bolt and the round. ber, pressure building up in said pumping area will

2. The liquid propellant gun of claim I wherein said 20 cause opening of said valve means.
interconnecting means comprises a sphere confined in 8. The liquid propellant gun of claim 7 wherein said
a closely fitting opening in said pump means and riding valve means is biased to a closed position by a constant
in an elongated slot in said valve means. fluid pressure.

3. The liquid propellant gun of claim I wherein said 9. The liquid propellant gun of claim 7 wherein said
interconnecting means comprises at least one detent 25 interconnecting means comprises at least one detent
member slidably mounted in a bore in said pump means member slidably mounted in a bore in sai, pump means
and including a portion thereof riding in a slot in a and including a portion thereof riding in a slot in a
portion of said valve means, portion of said valve means.

4. The liquid propellant gun of claim 1 wherein said 10. The liquid propellant gun of claim 9 and each
valve means is biased to a closed position by a constant 30 said detent member being a metal sphere.
fluid pressure. * * * * *
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tween a transfer housing sleeve 22 fixed on the block

ROTARY BOLT LIQUID PROPELLANT GUN and a stationary transfer or feed tube 24. In the embodi-
ment illustrated, the feed tube 24 is divided into two
separate channels 26, 28 which supply an oxidizer and

I. Field of the Invention 5 fuel respectively. The breech block end of delivery tube
This invention relates to liquid propellant guns and 24 rests in a bearing 30 fixed in the face of block 16.

particularly to a novel loading, propellant injection and Between bearings 20 and 21 the outer surface of
firing mechanism, breech block 16 is spherical in contour and closely fits

2. Description of the Prior Art. within mating concave spherical contours in the loading
Generally, liquid propellant guns all contain a mecha- 10 end 12 and barrel end respectively of breech area 10. In

nism for injecting the propellant. Current designs use the embodiment shown, block 16 contains two identical
injection valves which cannot be exposed to high firing poppet valves 32, 32a- two identical firing devices 34,
pressures and the injection mechanism is therefore pro- 34a (see FIG. 3) and a central bore 36.
tected from the firing pressures by using a sliding bolt. The breech block 16 is designed to be driven intermit-
After injection, for example, the bolt moves forward in 15 tently and, for this purpose, carries a six lobed geneva

* the breech, pushing the propellant column and projec- wheel 38 integral with the face of breech block 16 oppo-
tile before it down the bore, until a bolt seal is ahead of site feed tube 24, and coaxial thereto. The geneva wheel
the injector area. An example of this type of gun is 38 is driven by a geneva wheel driver 40 which, intur,
disclosed in assignee's prior application, Ser. No. may be driven by a constant speed motor (not shown)
612,817 filed Sept. 12, 1975, and now U.S. Pat. No. 20 through shaft 42. FIG. 2 illustrates how a pin " on
3,992,976 issued Nov. 23, 1976. Although this prior geneva wheel driver 40 cooperates with slots 46 on
design operates satisfactorily, the bolt actuating and geneva wheel 38 to intermittently drive wheel 38. Be-
locking system is complicated, has high power require- tween drive periods, a locking surface or cam 48 coop-
ments and slows the rate of fire because of the start and erates with one of the surfaces 50 between slots on
stop action. 25 geneva wheel 38 to prevent any movement of wheel 38

SUMMARY OF THE INVENTION during that time.
FIGS. I and 3 illustrate the device at the beginning of

According to the present invention, the propellant an injection cycle. Valve 32 is in position to receive fuel
injection valve mechanism and the firing device are and oxidizer through ports 26, 28 and when pressure is
arranged in space relationship within a rotary breech 30 applied by the fuel and oxidizer the valve body 52 will
block in the same general plane with a central bore, be pushed back by this pressure against the bias of
orthogonal to the axis of rotation of the block. The spring 54 and chamber 56 will be filled with liquid,
breech block also includes an axial liquid propellant pushing the round 18 forward in the barrel as shown in
transfer arrangement designed to supply a liquid fuel FIG. 4. Pressure will also act upon chamber seal 58 to
and an oxidizer to the injection valve mechanism. The 35 press against the spherical surface of breech block 16.
rotary breech block herein disclosed completely pro- After injection of the measured amount of propellant
tects the injection system by moving the valve mecha- has been accomplished, the breech block is next rotated
nism out of register with the firing chamber before to the position shown in FIG. 4 with the igniter 34 in
ignition. The rotary breech block mechanism is de- position to ignite the fuel in chamber 56, forcing the
signed to be moved intermittently through at least 3 40 round 18 out of the barrel. Following this step, the next
sequential positions for loading, injection and firing increment of rotation of block 6 places the parts in the
respectively, position shown in FIG. 5, allowing the round 18a to be

advanced through the bore 36 into chamber 56. This
BRIEF DESCRIPTION OF THE DRAWINGS may be accomplished mechanically, for example, by au FIG. 1 is a longitudinal cross sectional view in the 45 ram (not shown) or by pneumatic pressure.

breech area of a liquid propellant gun according to the The igniter shown in the above embodiment is shown
present invention; as an electrical spark type but it may, of course, be any

FIG. 3 is a cross sectional view of the FIG. I mecha- type of igniter suitable for the purpose. Similarly, the
nism taken along line I-l; drive mechanism is shown as a geneva type drive but

FIG. 2 is a schematic plan view of the drive mecha- 50 any intermittent drive which will lock at each position
nism of FIG. 1; would serve as well. The same rotary breech block

FIG. 4 is a view similar to FIG. 2 showing the rotary concept can be adapted to small or large bore guns.
bolt in the firing position; and This invention completely protects the injector

FIG. 5 is a view similar to FIG. 2 with the bolt in the mechanism from gun gas pressures at ignition by mov-
loading position. 55 ing the valve mechanism out of the chamber area before

firing. The sealing surfaces consist of easily machined
DESCRIPTION OF THE PREFERRED spherical contours and no bolt lock mechanism is re-EMBODIMENT quired.

A rotary bolt liquid propellant gun breech area incor- For a firing speed of about a thousand rounds per
porating the present invention is generally indicated at 60 minute, the shaft 42 of the geneva wheel driver rotates
10 in FIG. 1. The loading end of the breech area is at a constant 3,000 revolutions per minute. At this
generally indicated at 12; the barrel is generally indi- speed, the geneva mechanism will cause the breech
cated at 14; and the rotary breech block is generally block to dwell at each station for about 13 milliseconds.
indicated at 16. A round 18 is shown in the barrel and a The six lobed geneva wheel and the duplicate valves
round 18a is shown in the load area. 65 and igniters are used to reduce breech block accelera-

The rotary breech block 16 is rotatably mounted in tion and drive motor power requirements. For slower
the breech area by means of two bearings 20, 21 and rates of fire, a three or four station block could be used
receives fuel and oxidizer through a rotary joint be- with a three or four lobed geneva wheel, for example, to

p
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further reduce size and increase dwell time at each perpendicular to the axis of said fuel transfer hous-
position. ing; and

What is claimed is: means for incrementally moving said breech block to
1. A liquid propellant gun breech loading, injection serially position said bore, said injection valve

and firing mechanism comprising; 5 mechanism and said firing mechanism respectively

a liquid propellant gun body including a rearward in line and register with said barrel.
2. The apparatus of claim 1 wherein said breech blockloading portion, a forward barrel portion and a contains diametrically opposed injector valve mecha-

rotatable breech block intermediate said rearward nisms and two diametrically opposed igniter mecha-
and forward portion; 10 nisms and wherein the axis of symmetry of said injector

said gun body having oppositely facing contoured valve mechanisms and said igniter devices are spaced
portions between said rearward and forward por- thirty degrees from the axis of symmetry of said bore
tion; and from each other.

said rotatable breech block mechanism comprising 3. The apparatus of claim 1 wherein said contoured
contoured surfaces complimentary to said con- 15 surfaces of said breech block are substantially spherical.
toured surfaces on said rearward loading and for- 4. The apparatus of claim 1 wherein said means for
ward barrel portions so that said breech block may incrementally moving said breech block is a six lobed
be closely confined between said contoured sur- Geneva-type mechanism locking said breech block in

faces for rotary motion around an axis perpendicu- six respective positions.

lar to the axis of said barrel portion; 20 S. The apparatus of claim 4 wherein said breech block
sadbreech blok ofurther comprin afcontains two diametrically opposed injector valve

said breech block further comprising a fuel transfer mechanisms and two diametrically opposed igniter
housing having a cylindrical inner bore coaxial mechanisms and wherein the axis of symmetry of said
with said rotational axis for receiving therein a fuel injector valve mechanisms and said igniter devices are
transfer tube; 25 space thirty degrees from the axis of symmetry of said

said breech block further comprising a central bore, bore and from each other.
at least one injection valve mechanism and at least 6. The apparatus of claim 5 wherein said contoured
one firing device each having an axis of symmetry surfaces of said breech block are substantially spherical.
within a plane passing through the barrel axis and
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LIQUID PROPELLENT GUN, POSITIVE DESCRIPTION OF THE PREFERRED

DISPLACEMENT SINGLE VALVE EMBODIMENT
With respect to FIG. 1, in the present configuration

BACKGROUND OF THE INVENTION 5 the injector is housed within two large blocks 10 and 11

1. Field of the Invention formed of suitable material such as stainless steel. A

The strong influence of propellant mixing on liquid receiver block 12 attaches to the rear of block 11 and

propellant gun interior ballistics has been recognized four long stringer bolts, one of which is shown at 13,

and studied. A measuring technique to determine the hold blocks 10, 11 and 13 together.
degree of mixing has been developed and indicates that 10 A gun barrel 114 having a chamber 14 is internally

mounted at the forward end of block 10. Rearwardly of
gun performance can be varied from misfires through chamber 14 is a long slender valve 15. Surrounding
normal burns to detonation simply by varying the sever- valve 15 is an injector piston 16 which is adapted for
ity of the injection. This knowledge has underscored axial movement relative to the valve 15 in the blocks in
the need for better control of the injection process in the 15 which it is housed.
liquid propellant gun technology. A propellant manifold 17 is also mounted within the

2. Description of the Prior Art cavity in blocks 10 and 11 and surrounds the injector
In present bi-propellant liquid propellant guns, the piston 16.

displacement of the valves during injection of the fuel Fuel is introduced to the propellant manifold 17
and oxidizer into the chamber of the gun barrel is deter- 20 through inlet 18. Oxidizer is introduced to the manifold
mined by the force equilibrium between propellant and 17 through inlet 20. Both inlets 18 and 20 are located in

holding pressures. This method leaves the valves vul- block 10.

nerable to influence from O-ring friction, bolt nose side A source of high pressure hydraulic fluid is intro-

loads, trapped air, and oscillatory propellant and hold- duced through inlet 22 while a similar source of holding
ingapssrese al ndo at rpelat e h - 25 pressure fluid is introduced through inlet 24 both of
ing pressures. The valves do not repeat the same dis- which are shown in block 11.
placement-time history from injection-to-injection, Rearwardly of block 11 is a guillotine bolt lock 26
thereby resulting in non-reproducible propellant mix- which acts to lock a bolt assembly 28 in the forward
ing. Control of all variables affecting internal ballistics position prior to firing. Bolt 28 is mounted for recipro-

* is important if consistant results are to be obtained. 30 cal movement toward and away from the chamber 14

SUMMARY OF THE INVENTION and the movement is accomplished by means of a yoke
30 affixed to the rear of bolt 28 which is coupled to air

The invention comprises an improved bi-propellant cylinders, one of which is shown at 32. Air cylinders 32
injection system for liquid propellant guns wherein the are mounted to block 10 by means of screws 34.
displacement of the valves is accomplished through a 35 A cam follower 36 is also part of bolt assembly 28 and
positive actuation system. The liquid propellant gun is adapted to bear on and cooperate with a cam 38
comprises a receiver block having a central cavity which pivots about a shoulder screw 40. Cam 38 is
therein which houses a valve having a forward nose caused to rotate about shoulder screw 40 through the

portion which seats against a manifold in fluid commu- interaction of a cam slot 42 and a jog release pin ".
40 FIG. 2 is a cross-section through the assembly show-

nication with the chamber of a gun barrel. The barrel is
valve is ing the injector system in greater detail. Chamber 14 is

affixed to the receiver block. Surrounding the vshown as having a bore 50. Rearwardly of the chamber
an injector piston which is adapted to move axially with 14 and bore 50 is a foreward nose portion 52 on valve 15
respect to the valve and the receiver block. Oxidizer which cooperates with a portion 54 on the propellant
and fuel receiving receptacles are provided within the 45 manifold 17. The rear portion at the nose 52 forms a
receiver block and are in communication with the injec- stop 21.
tor piston. Propellant manifold 17 is shaped to provide an oxi-

A positive stop is provided rearwardly of the injector dizer receiving recess 56 and a fuel receiving recess 58
piston in the receiver block as well as a positive stop in therein. Axial and radial holes 60 and 62, respectively,
the receiver block to limit rearward travel of the valve 50 in the propellant manifold 17 allow introduction of the
upon opening. Injection of the fuel and oxidizer into the fuel to the chamber of the gun prior to firing.
gun barrel chamber is attained when a source of hydrau- Injector piston 16 is shaped to provide hydraulic
lic fluid under high pressure acts on the injector piston cavities 64 and 66 between the piston 16 and block 11
relative to the valve thereby forcing the injector piston and piston 16 and valve 15 respectively. Radial passage-

forwardly toward the gun chamber and the valve rear- 51 ways 68 allow fluid communication between the cavi-
wardly against the stop in the receiver block, ties 64 and 66.

In the improved system of the invention the valve is Rearward movement of jog release pin 44, and injec-

poitively opened at the start of the injection cycle and tor piston 16, is limited by a charge/mass adjustment
screw 70 while rearward travel of valve IS is limited by

Aleld at a predetermined displacement. This produces a 60 an adjustable valve stop 72 comprising a threaded ring.
,.onstant size propellant orifice throughout most of the Operation of the system will now be described with
injection cycle, respect to FIGS. I and 2. During the time that the

BRIEF DESCRIPTION OF TIlE DRAWINGS propellant and oxidizer are being loaded into cavities 58
and 56 respectively, the valve 15 is maintained in a

FIG. I is an isometric view, partly cut away, of a 65 clbsed position by means of holding pressure in a cavity
liquid propellant gun; 74. Loading of the fuel and oxidizer forces the injector

FIG. 2 is a cross-section along the centerline of the piston 16 rearwardly until jog release pin ", contacts -

embodiment of FIG. 1. the charge/mass adjustment screw 70. This measures
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the charge of propellant to be injected. Pressure in one valve for oxidizer while retaining the positive valve
cavity 74 holds the valve 15 closed during the filling opening feature.
process. During this time, the bolt assembly 28 is ordi- What is claimed is:
narily moved rearwardly out of the interior of the valve 1. An injection system for a liquid propellant gun
15 by means of tk- air cylinders 32. 5 comprising:

Once the fuel and oxidizer have been introduced into a chamber for receiving propellant and oxidizer liq-
their respective cavities, a projectile and the bolt assem- uids;
bly 28 are inserted into the interior of valve 15 and a receiver connected to said chamber;
pushed forward until the cam follower 36 contacts the a manifold within said receiver and having passages
rear surface of cam 38. At this time, the air cylinders 32 10 in fluid communication with said chamber;
exert a constant forward load on the bolt assembly 28 a valve mounted within said manifold for selective
and another air cylinder (not shown) exerts a constant movement between two positions, one position
downward load on the bolt through the guillotine bolt providing fluid communication between said pas-
lock 26. sages in said manifold and said chamber and one

Injection of the fuel and oxidizer into chamber 14 15 position in fluid sealing relation between said pas-
begins as high actuation pressure is introduced into sages in said manifold and said chamber;
cavities 64 and 66. Simultaneously therewith, valve 15 is a piston slidably mounted within said valve and con-
forced rearwardly against the adjustable valve stop 72 figured relative to said valve to form two recesses
and the injector piston 16 is forced forwardly thereby therebetween; and
pumping propellant into the gun bore 50. Oxidizer 20 actuation means operatively connected to said piston
flows from chamber 56 directly over the valve nose 52 and said manifold for selectively moving said mani-
and fuel flows from chamber 58 through the axial holes fold means to said fluid communication position
60 and then through the radial holes 62 into the bore 50. and to move said piston so as to change the dimen-

sions of said two recesses when said valve in said
The projectile is pumped forwardly into the chamber 14 25 fluid communication with said chamber, whereby
by the propellant pressure.

Near the end of the injection of the fuel and oxidizer the contents of said recesses may be transferred to
into the chamber, the front of the injector piston 16 Ai camber.
contacts stop 21 on the valve nose 52 and forces the 2' An injection system according to claim 1 wherein

valve closed. Simultaneously, the cam 38, after rotating 30 piston.

upwardly due to the forward motion of the jog pin 44, 3. An injection system according to claim 1 further
releases the cam follower 36. That is, cam 38 rotates comprising a bolt mounted for reciprocative movement
upwardly around shoulder screw 40 allowing cam fol- within said receiver.
lower 36 to pass thereunder. 4. An injection system according to claim I including;

The entire bolt assembly 28 jogs forward until the 35 oxidizer conduit means in said receiver and in fluid
cam follower 36 contacts the receiver block 12. This jog communication with one of said two recesses
travel pushes the projectile, propellant column, and bolt formed by the relative configuration of ;aid valve

i] nose breech pressure seal 76 completely into the chain- and piston for transferring oxidizer thereto; and
ber 14. At this time, the guillotine bolt lock 26 drops propellant conduit means in said receiver ar.e 'n fluid
down into an opening in bolt assembly thereby locking 40 communication with second of said t- .ecesscs
the bolt into place. Then, an electric spark produced in formed by the relative configukati.- -f -,'d ",
the face of the bolt nose ignites the propellant causing and piston for transferring prope;:n€ 'tereto.
discharge of the projectile from the gun barrel. 5. An injection system according t g_,-.a, 4 wheirin

The improvement in the present injector over previ- the fluid communication between sa, oidizer co.aduit
ous designs is the ability to repeatably control propel- 45 means, said propellant conduit means and said two re-
lant mixing. This is accomplished by having the valve cesses is via said manifold.
positively opened at the start of injection and held at a 6. An injection system according to claim I further
predetermined displacement to provide a constant size including limit means carried by said receiver for con-
propellant orifice throughout most of the injection cy- tracting said piston to restrict movement thereof.
cle. Also, the radial fuel passages in the propellant mani- 50 7. An injection system according to claim 6 wherein
fold fix the size of the fuel orifice at the point where fuel introduction of oxidizer and propellant within said re-
meets oxidizer which is flowing over the face of the cesses forces said piston against said limit means.
valve. The single valve concept eliminates the possibil- 8. An injection system according to claim 7 further
ity of two simultaneously operating valves affecting including:
each other and thereby varying the mix. 55 oxidizer conduit means in said receiver and in fluid

Other unique features are that the hydraulic pressure communication with one of said two recesses
which actuates the injector piston also forces the valve formed by the relative configuration of said valve
open. In addition, a replaceable manifold surrounding and said piston via apertures in said manifold for
the injector piston directs fuel and oxidizer to the injec- transferring oxidant therethrough; and
tion port. Also, a synchronization mechanism consisting 60 propellant conduit means in said receiver and in fluid
of the cam 38, cam follower 36 and jog pin 44 release communication with the other of said two recesses
the bolt assembly 28 at the end of the injection thereby formed by the relative configuration of said valve
allowing the bolt to jog forward into the fire position. and said piston via apertures in said manifold for

An alternate configuration could be to pump fuel to transferring prippellant therethrough.
the injection port through axial holes in the single valve 65 9. An improved bi-propellant injection system for a
rather than through radial holes in the propellant mani- liquid propellant gun wherein the improvement com-

3 fold. The design could also be modified to an old style prises an arrangement for repeatably controlling propel-
twin valve configuration with one valve for fuel and lant mixing, said arrangement including;

It
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a receiver block having a cavity therein; axial travel limiting means mounted in said receiver
a gun barrel mounted on said receiver block and block rearwardly of said piston injector means and

having a propellant receiving chamber at one end adapted to limit the rearward movement of said
thereof; piston means;

manifold means in said receiver adjacent said chain- 5 injection passageways for conveying fuel and oxi-
ber and in fluid communication therewith; dizer into said fuel and oxidizer receiving portions;

valve means mounted rearwardly of said chamber said fuel and oxidizer forcing said piston means rear-

and coaxial therewith and having a forward ne wardly against said travel limiting means to
pornd cadapte thprvid ad flidg t forw th ne thereby precisely control the amount of fuel andportion adapted to provide a fluid tight seal with 10 oxidizer in said receiving portions; and
respect to said manifold piston means in the cavity positive actuating means acting on said piston means
in said receiving block and coaxially mounted with and said valve means to cause said valve means to

respect to said valve means and configured for move rearwardly with respect to said piston means
relative axial movement with respect thereto; to thereby provide a predetermined orifice opening

said cavity being formed with fuel and oxidizer re- 15 with respect to said manifold.
ceiving portions; 10. An improved bi-propellant injection system ac-

said receiving and oxidizer portions being in fluid cording to claim 9 wherein said positive actuating
communication with said valve means and said means includes a hydraulic fluid coupling.
piston injector means; * * * * *
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with a groove 5 near the nose for an O-ring 3 which
IGNITOR seals the bolt end of the combustion chamber. The com-

bustion chamber of an LPG contains a bore 2 bounded
BACKGROUND OF THE INVENTION on the barrel end of the gun by a projectile 1. The pro-

1. Field of the invention 5 pellant is injected into the LPG chamber, the bolt slides
This invention relates to spark ignitors and more forward and the propellant is ignited to propel the pro-

particularly to spark ignitors for liquid propellant guns. jectile.
2. Description of the Prior Art The ignitor is thus in direct communication with the
A liquid propellant gun (LPG) is one in which a extreme temperature and pressure of the LPG chamber.

liquid propellant is burned in a firing chamber to propel 10 To provide a sturdy ignitor, the center electrode 6 is
a projectile from the gun. Such a gun uses a simpler threaded into a hard insulative seat 7, such as anodized
projectile feed, has a flatter combustion chamber time- aluminum, which rests on a copper seal 8 in an interior
pressure characteristic, and more flexible installation chamber of the bolt 4. Insulation between the seat 7 and
and rapid fire features than a conventional gun. The the copper seal 8 is provided by the surface of the seat
liquid propellant, which may be either a monopropel- 15 7 and by a dielectric 9 which is preferably a shock-

U lant, or a fuel and an oxidizer, bipropellant is injected resistant material and preferably TEFLON ® tape. The
into the bore of the chamber, which is defined on one outer electrode 10 is insulated from the rodlike portion
end by the base of the projectile and on the other by a of the inner electrode 6 by a shock-resistant insulator 11
bolt which a flattened end, termed the bolt nose. The such as TEFLON ®. TEFLON ®, polytetrafluoroeth-
bolt slides forward to seal the injection ports and posi- 20 ylene is a preferred insulator due to its relatively high
tion the projectile. To fire the LPG, the propellant is strength, dielectric constant, thermal properties and
ignited by a pyrotechnic, thermal or electrical ignitor. resistance to acids such as nitric acid, commonly found

Previous electrical ignitors employed a center elec- in LPG oxidizers. It also is somewhat elastomeric and
trode which was free standing and projected into a provides shock absorption, although it may tend to
small precombustion chamber to facilitate propellant 25 extrude from the assembly. Glass-filled TEFLON ® is
ignition. These ignitors are subject to the bending of the therefore preferred to prevent extrusion. Insulator 11
center electrode due to pressure in the gun chamber, on has a base portion which rests on scat 7 and an elongted
the order of 60 Kpsi (411,700 Pa). Prior art ignitors also portion which extends along the length of and sur-
develop very high electrode temperatures and require rounds the center electrode 6. The elongated portion isfrequent replacement. Test results have shown that 30ronstectreltod6.Telngedptins
frquenrt igntorament. est dernelts oeet la- provided with threads on its outer surface which mate
prior art ignitors are also dependent on electrical polar- with outer electrode 10. Outer electrode 10 has its outer
ity. surface threaded to match threads on the chamber in

SUMMARY OF THE INVENTION bolt 4 and its inner surface is threaded to receive insula-

A sturdy, reliable ignitor for liquid propellant guns is 35 tor 11. When the insulator 11 is TEFLON®, theinstalled in a standard bolt nose with a tubular center threads in the inner surface of electrode 10 and on theelectrode anchored in a seat in the bolt nose and sur- insulator 11 help to secure the insulator and prevent

rounded by insulation. The center electrode does not extrusion during gun firing. Insulator 11 is loaded to
extend beyond the insulation except that if a rounded about 40,000 psi (277,800 kPa) when the outer electrode
rather than flat face is used, the rounded portion should 40 is threaded into the assembly to seal the ignitor.
extend beyond the insulation. An annular outer elec- The outer electrode 10 thus surrounds the inner elec-
trode surrounds the inner electrode and either does not trode 6 and is separated therefrom by the thickness of
extend beyond the inner electrode or extends in such a insulator 11. A center portion 12 of the outer electrode
fashion as to openly communicate with the combustion 10 extends, with insulator 11 and center electrode 6,
chamber. 45 slightly into the chamber (about 7 mm on a 30 mm

LPG) to form a flush face surface consisting of the
BRIEF DESCRIPTION OF THE DRAWINGS extended center portion 12 of outer electrode 10, insula-

FIG. I is a cross section view taken along the longitu- tor 11 and the flat end of center electrode 6.
dinal axis of an ignitor according to the present inven- The spark must therefore travel between inner elec-
tion wherein the center and outer electrodes form a 50 trode 6 and outer electrode 10 across a flush face. Field
planar surface extending beyond the bolt nose. plots of constant voltage lines show high current densi-

FIG. 2 is a cross section view taken along the longitu- ties between the electrodes in a flush face design. This
dinal axis of an ignitor according to the present inven- shows a distorted electrical field effect which actually
tion wherein the face of the center electrode is domed produces a single ionent arc at lower voltages than
and slightly recessed in the bolt nose. 55 free-standing electrode ignitors.

FIG. 3a is a cross section view taken along the longi- Using a solid state, silicon controlled rectifier, igni-
tudinal axis of an ignitor according to the present inven- tion circuit such as is described by the inventors in U.S.
tion wherein the center electrode is on a plane with the Pat. No. 4,104,920 filed 10 Feb. 1977, and hereby incor-
bolt nose and the outer electrode extends slightly be- porated into the present specification, the ignitors de-
yond the bolt nose. 60 scribed herein will fire at 50 volts whereas 700 volts

FIG. 3b is an end view of the ignitor of FIG. 3a have been required to fire other ignitors. As much as
showing th! webbed face of the outer electrode. 3,000 volts may be used with the ignitors of the present

invention although lower voltages are desirable, for
DESCRIPTION OF THE PREFERRED example, in aircraft application. Twelve hundred to

EMBODIMENTS 65 thirteen hundred volts is the preferred voltage range

Referring now to FIG. 1, the ignitor of the present (compared to 1600 v with prior designs) and about
* iv ention is installed in the nose of a standard liquid 36-42 J is the preferred energy range at the electrodes.

propellant gun (LPG) bolt 4. Gun bolt 4 is provided The use of higher energies, however, permits the use of
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the present ignitors with monopropellants which are the web. Sharp edges and the small gap between the tip
generally more difficult to ignite than bipropellants of the center electrode and the center of the web pro-
wherein the fuel and oxidizer are separately injected duce a distorted field effect which permits a low volt-
into the LPG chamber. age spark.

A number of design alternatives to the ignition as s In all of the foregoing embodiments, the center elec-
shown in FIG. I are possible. The flush face need not be trode may be positive or negative. In previous ignitors,
extended into the chamber although this provides supe- significantly higher voltages were necessary if the cen-
rior conduction by the propellant of the ignition and ter electrode was positive. The diameter of the center
provides an ullage because the projectile is not flush electrode, while not critical, is about 0.32 cm (J inch) in
against the bolt nose during propellant injection. The 10 a 30 mm LPG.
center electrode 6 and seat 7, rather than being threaded Voltage, electrode surface area, sharp edges and gap
into each other, may be machined out of a single piece size may all be adjusted to yield the desired spark char-
of stainless steel. acteristics. The ignitors of the present invention having

As stated, TEFLON (g) is a preferred dielectric, a flush face could be adapted for use in binary bombs,
However, ceramics, anodized aluminum wherein the 15 fuel-air explosives or the like.
aluminum oxide surface provides the insulation, or What is claimed is:
other plastics may be used for insulation. From a purely 1. An ignitor for a liquid propellant gun having a bore
structural standpoint, sapphire is the preferred dielec- comprising:
tric. Ceramics and sapphire possess desirable heat trans- a bolt having a nose;
fer and structural properties so as to be equivalent for a center electrode having a rodlike portion, a domed
purposes of the present invention. For conductive mem- 20 end and a broadened end anchored in said bolt at
bers stainless steel is preferred. A pyrophoric material, said broadened end;
such as tungsten, which blasts off small pieces during ring means for insulating said center electrode, sur-
firing is also preferred for the center electrode, as this rounding and abutting the rodlike portion of the
property aids in complete propellant ignition. center electrode so that only the domed end is

The present invention lacks a precombustion chain- 25 exposed to said bore;
ber, provides a sufficiently stable spark to cause ignition an outer electrode having a threaded portion an-
within the main volume of propellant, and eliminates chored at one end in the bolt, abutting said ring
compression problems of precombustors. means and surrounding said domed end of said

The embodiment of FIG. 2 retains a form of precom- electrode, said threaded portion extending beyond
4 bustor area 13. The outer electrode 14, rather than re- 30 said domed end but not beyond said bolt nose; and

siding in a flush bolt face, presents a flush face with the means for transmitting electrical energy to said center
insulator which is recessed into the bolt nose. electrode and connected thereto so as to cause a

This embodiment, as shown in FIG. 2, uses a seat 15, spark between said center and outer electrodes.
insulation 9, and seal 20 similar to the extended flush 2. The ignitor of claim 1 wherein said ring means
face arrangement of FIG. 1. However, center electrode 35 comprises a ceramic ring and a glass-filled polytetraflu-
21 presents a flush face with the insulator which is re- oroethylene ring.
cessed into a chamber in the bolt nose. 3. The ignitor of claim I wherein the outer electrode

The center electrode 21 has a rearward extension 22 includes a plurality of arms extending beyond said bolt
for electrical connection through the bolt 4. The exten- nose.
sion 22 is surrounded by a coaxial insulator for electrical 40 4. The ignitor of claim I wherein said ring means
insulation. The center electrode 21 has a base region for includes a ceramic ring.
support in seat 15 and a domefaced cylindrical portion S. The ignitor of claim 1 wherein said transmitting
which is insulated by three dielectric rings. The outer means includes an integral cylinderical extention of said
dielectric rings 23 are preferably glass filled TE- center electrode extending away from said bolt nose.
FLON @ and sandwich a center ring 24 of Coors ce- 45 6. The ignitor of claim 1 wherein said ring means
ramic. The dielectric rings 23 or 24 abut the base region includes two glass-filled polytetrafluoroethylene rings
of the center electrode 21 and extend along the cylindri- on either side of a ceramic ring.
cal portion so that only the domed face of the electrode 7. An ignitor according to claim 1 wherein said
is exposed in the precombustion area 13, whose sides are domed and of said center electrode extends outwardly
formed by outer electrode 14, which is threade'd into 50 toward said bolt nose.
the bolt nose to press on the ceramic discs and parts 8. The ignitor of claim I further comprising an insu-
below. The ceramic discs should be machined to close lated seat for supporting said center electrode at the
tolerances to insure structural integrity of the ignitors. broadened end.
Beyond the bolt nose, three arms of the center electrode 9. The ignitor of claim 8 wherein said outer electrode
14, two shown, project to reduce turbulence and allow further comprises a plurality of arms extending beyond
free flow of the main porpellant charge. The propellant 55 said bolt nose.
is enclosed only in the small area in the interior of the 10. An ignitor according to claim 1 wherein said
bolt nose and the cylindrical portion of the center elec- center electrode is recessed in a precombustion area
trode 21 is supported along its entire length by the insu- having sides which are portions of said outer electrode.
lating rings. 11. An ignitor according to claim 10 wherein said

Referring now to FIG. 3, a further variation of the 60 domed end of the aforesaid center electrode extends in
present invention has a tapered insulator 25 supporting an outwardly convex fashion.
the entire length of a center electrode 26 which is flush 12. An ignitor according to claim 11 wherien the
with the bolt nose. The outer electrode 27 however, aforesaid outer electrode is configured to have a plural-
extends beyond the bolt nose about 7 mm in a 30 mm ity of arms extending outwardly beyond said bolt nose.
LPG to form a small precombustor area and is capped, 65 13. An ignitor according to claim 11 wherein the
as shown in FIG. 3b, by a flat web which permits com- aforesaid bolt has a circumfrential groove dimensioned
munication with the main propellant charge. The arc to support an O-ring.
forms between the center electrode and the center of S S S S S
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LIQUID PROPELLANT GUN, BREECH BRIEF DESCRIPTION OF THE DRAWING

PRESSURE AXIAL INJECTION FIG. 1 is an isometric view showing the valve, injec-
tor piston and projectile;

BACKGROUND OF THE INVENTION 5 FIG. 2 is a cross-sectional view along the center axis
1of the rear portion of the liquid propellant gun in a
I. Field of the Invention: projectile load position;
The invention relates to liquid propellant guns and FIG. 3 is a cross-sectional view along the center axis

more specifically to an injection system for a liquid of the liquid propellant gun in the inject position; and
propellant gun wherein the valve and injector cooper- 10 FIG. 4 is a cross-sectional view along the center axis
ate such that the valve is able to contain high-pressure. of the liquid propellant gun showing the mechanism in
This feature of the valve allows the bolt to be moved fire position.
smoothly from projectile load to fire position without a
forward jogging of the bolt after the fuel and oxidizer DESCRIPTION OF THE PREFERRED
have been injected and before firing. 15 EMBODIMENT

In the past it has been necessary, with liquid propel- FIG. I is an isometric view of valve 10, injector pis-
lant guns featuring dynamic propellant loading, to pro- ton 11, and projectile 12. As shown in FIG. 1, the injec-
tect the propellant injection valve from high breech tor piston is configured to contain the valve 10 inter-
pressure. This was accomplished by jogging the bolt nally thereof. The valve 10 and injector piston are cut
forward past the valve port following injection such 20 away as at 13 to allow the projectile 12 to be chambered
that a seal on the bolt nose held the breech pressure internally thereof.
away from the valve. Bolt jog motion however, compli- The injector piston has a lip seal 14 and an O-ring seal
cates the overall gun mechanism. 15 at the forward portion thereof and O-ring seal 16 at

Three separate actuators are required in that the mo- the rearward portion thereof taken with respect to FIG.
tion of each major component occurs sequentially; in- 25 1. Small annular cavities as at 17 are formed at the for-
jection first, jog second, and bolt lock third. A subse- ward portion of the injector piston 11. The small annu-
quent operation cannot proceed until the previous oper- lar cavities 17 are adapted to receive fuel during opera-
ation has been completed. tion of the system.

Such a system would have difficulty achieving the tis of the nte ar
30 Details of the entire assembly are more clearly shown

short cycle time necessary for an automatic gun with a in FIGS. 2, 3, and 4. In FIG. 2, the entire mechanism is
high rate of fire. in a projectile load position and shows a bolt 18 -ham-

2. Description of the Prior Art: bered internally of the valve 10 and having a shoulder
Examples of prior art liquid propellant guns are set 19 at the rearward portion thereof. Also shown is a

forth in U.S. Pat. Nos. 3,922,976 and 4,005,632. U.S. 35 toggle mechanism 20, the purpose of which will become
Pat. No. 3,992,976 especially focuses on the problem more clear as the explanation of moving the bolt from
intended to be overcome in the present invention unload to load position is gone into. A manifold 21 is
wherein after injection the bolt is moved forwardly fixed internally in the bore of the liquid propellant gun
thereby translating the projectile, propellant charge and and has a face 22 thereon which cooperates with a seal
bolt mechanism forwardly until the end of the bolt is 40 23 at the forward end of the valve 10. Carried by the
ahead of the injector. The bolt mechanism must then be manifold 21 are a series of individual injectors 34 which
stopped and locked thereby locking the gun before are received in the small annular spaces 17.
firing. This protects the injector but the bolt actuation Valve 10 is configured at the rear portion thereof to
and locking system is complicated and must be heavy form a holding pressure chamber 24 which communi-
enough to withstand firing pressures. Also, power re- 45 cates through opening 25 with a holding fluid under
quirements are high and the rate of fire is reduced as a pressure.
consequence of the stop-start action. Fuel and oxidizer are introduced to the manifold 21

via ports 26 and 27 respectively. Oxidizer fills a large
SUMMARY OF THE INVENTIQN annular cavity 28 internally of the gun and externally of

The invention is primarily concerned with a novel 50 the valve 10 while fuel occupies the volume formed by
valve and injector system wherein the bolt can be the small annular cavities 17.

moved from projectile load to fire position in one stroke The mechanism is shown in the projectile load posi-

without the necessity for an intermediate stop and a tion in FIG. 2 with again, oxidizer filling the large annu-
jogging movemt it when the fuel and oxidizer are in- lar cavity 28 and fuel occupying the series of small axial
jected. This is accomplished by having a valve which is 55 cavities 17 within the injector piston 11. The holding
carried internally of an injector piston. The injector pressure applied through port 25 to the rear of the valve
caried intmve lally a n er ptoThe injecor a 10 keeps the valve closed. Projectile 12 is loaded
piston is moveable axially under the influence of a through the area 13 in the valve and injector piston and
shoulder on the bolt which picks up the rear portion of stops in the valve just forward of the bolt 18.
the injector piston upon forward movement of the bolt. 60 In FIG. 3, bolt 18 and projectile 12 ha,e been pushed
As the bolt is forced forward it moves the injector forward until shoulder 19 on the bolt contacts the rear
piston forward which causes propellant pressure to of the injector piston 11. This forward movement is
increase to "pop" the valve open. The valve opens by accomplished by hydraulic pressure in chamber 40
being moved rearwardly against a holding force. Pro- which is pumped in through access 42 and pushes
pellant is then pumped through the valve, into the gun's 65 against seal 44. The double toggle bolt lock 20 has en-
chamber. The valve is then sealed before firing by hay- gaged the bolt 18 at the rear of shoulder 19. A liquid seal
ing the bolt, on completion of its forward movement, 30 on the projectile 12 is seated within the bore of the
act on a lip on the valve to force it into a closed position. manifold 21.
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LIQUID PROPELLANT GUN, BREECH BRIEF DESCRIPTION OF THE DRAWING
PRESSURE AXIAL INJECTION FIG. I is an isometric view showing the valve, injec-

tor piston and projectile;
BACKGROUND OF THE INVENTION 5 FIG. 2 is a cross-sectional view along the center axis

of the rear portion of the liquid propellant gun in a
I. Field of the Invention: projectile load position;
The invention relates to liquid propellant guns and FIG. 3 is a cross-sectional view along the center axis

more specifically to an injection system for a liquid of the liquid propellant gun in the inject position; and
propellant gun wherein the valve and injector cooper- 10 FIG. 4 is a cross-sectional view along the center axis
ate such that the valve is able to contain high-pressure. of the liquid propellant gun showing the mechanism in
This feature of the valve allows the bolt to be moved fire position.
smoothly from projectile load to fire position without a
forward jogging of the bolt after the fuel and oxidizer DESCRIPTION OF THE PREFERRED
have been injected and before firing. 15 EMBODIMENT

In the past it has been necessary, with liquid propel- FIG. 1 is an isometric view of valve 10, injector pis-
lant guns featuring dynamic propellant loading, to pro- ton 11, and projectile 12. As shown in FIG. 1, the injec-
tect the propellant injection valve from high breech tor piston is configured to contain the valve 10 inter-
pressure. This was accomplished by jogging the bolt nally thereof. The valve 10 and injector piston are cut
forward past the valve port following injection such 20 away as at 13 to allow the projectile 12 to be chambered
that a seal on the bolt nose held the breech pressure internally thereof.
away from the valve. Bolt jog motion however, compli- The injector piston has a lip seal 14 and an O-ring seal

- cates the overall gun mechanism. 15 at the forward portion thereof and O-ring seal 16 at
Three separate actuators are required in that the mo- the rearward portion thereof taken with respect to FIG.

tion of each major component occurs sequentially; in- 25 1. Small annular cavities as at 17 are formed at the for-jection first, jog second, and bolt lock third. A subse- ward portion of the injector piston 11. The small annu-
quent operation cannot proceed until the previous oper- lar cavities 17 are adapted to receive fuel during opera-
ation has been completed. tion of the system.

Such a system would have difficulty achieving the 30 Details of the entire assembly are more clearly shown
short cycle time necessary for an automatic gun with a in FIGS. 2, 3, and 4. In FIG. 2, the entire mechanism is
high rate of fire. in a projectile load position and shows a bolt 18 cham-

2. Description of the Prior Art: bered internally of the valve 10 and having a shoulder
Examples of prior art liquid propellant guns are set 19 at the rearward portion thereof. Also shown is a

forth in U.S. Pat. Nos. 3,922,976 and 4,005,632. U.S. 35 toggle mechanism 20, the purpose of which will become
Pat. No. 3,992,976 especially focuses on the problem more clear as the explanation of moving the bolt from
intended to be overcome in the present invention unload to load position is gone into. A manifold 21 is

F wherein after injection the bolt is moved forwardly fixed internally in the i-ore of the liquid propellant gun
thereby translating the projectile, propellant charge and and has a face 22 thereon which cooperates with a seal
bolt mechanism forwardly until the end of the bolt is 40 23 at the forward end of the valve 10. Carried by the
ahead of the injector. The bolt mechanism must then be manifold 21 are a series of individual injectors 34 which
stopped and locked thereby locking the gun before are received in the small annular spaces 17.
firing. This protects the injector but the bolt actuation Valve 10 is configured at the rear portion thereof to
and locking system is complicated and must be heavy form a holding pressure chamber 24 which communi-
enough to withstand firing pressures. Also, power re- 45 cates through opening 25 with a holding fluid under
quirements are high and the rate of fire is reduced as a pressure.
consequence of the stop-start action. Fuel and oxidizer are introduced to the manifold 21

via ports 26 and 27 respectively. Oxidizer fills a large
SUMMARY OF THE INVENTIQN annular cavity 28 internally of the gun and externally of

The invention is primarily concerned with a novel 50 the valve 10 whi.c fuel occupies the volume formed by
valve and injector system wherein the bolt can be the small annular cavities 17.
moved from projectile load to fire position in one stroke The mechanism is shown in the projectile load posi-

without the necessity for an intermediate stop and a tion in FIG. 2 with again, oxidizer filling the large annu-
jogging movement when the fuel and oxidizer are ii- lar cavity 28 and fuel occupying the series of small axial
jected. This is accomplished by having a valve which is 55 cavities 17 within the injector piston 11. The holding
crriedThs internaccpllished toyhavin aTvve ijchr i pressure applied through port 25 to the rear of the valve

carried internally of an injector piston. The injector 10 keeps the valve closed. Projectile 12 is loaded
piston is moveable axially under the influence of a through the area 13 in the valve and injector piston and
shoulder on the bolt which picks up the rear portion of stops in the valve just forward of the bolt 18.
the injector piston upon forward movement of the bolt. 60 In FIG. 3, bolt 18 and projectile 12 have been pushed
As the bolt is forced forward it moves the injector forward until shoulder 19 on the bolt contacts the rear
piston forward which causes propellant pressure to of the injector piston 11. This forward movement is
increase to "pop" the valve open. The valve opens by accomplished by hydraulic pressure in chamber 40
being moved rearwardly against a holding force. Pro- which is pumped 1, "trough access 42 and pushes
pellant is then pumped through the valve, into the gun's 65 against seal 44. The ,ble toggle bolt lock 20 has en-
chamber. The valve is then sealed before firing by hay- gaged the bolt 18 at the rear of shoulder 19. A liquid seal

* ing the bolt, on completion of its forward movement, 30 on the projectile 12 is seated within the bore of the
act on a lip on the valve to force it into a closed position. manifold 21.
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At this point, propellant injection begins. Bolt 18 of the breech area for regulating the injection of
continues traveling forward thereby exerting a force on said liquid propellant in a predetermined manner;
the rear of the injector piston 11. This raises the propel- a bolt contained within said breech area and having a
lant pressures in cavities 28 and 17. The increased pres- central axis co-extensive with the axis of the breech
sure exerts a force on the forward end of the valve 5 area and having unloaded and loaded positions;
which overcomes the valve holding force in chamber means for moving said bolt forward from an un-
24 and "pops" valve 10 open by moving it rearwardly loaded to a loaded position; said bolt and fluid
with respect to the injector piston 11. Thus it can be injector means cooperating such that when said
seen that valve 10 is a tension closed fitting that only bolt is moved from the unloaded to the loaded -

opens when the internal pressure exceeds a predeter- 10 position the fluid injector means is carried along
mined amount. therewith and said valve means is caused to open

As the bolt 18 and injector piston 11 travel forward as thereby forcibly injecting liquid propellant into the
a unit, propellant is pumped into the sealed cavity be- chamber of said liquid propellant gun duing the
hind the projectile 12 thereby pumping the projectile initial movement of said bolt forward and where
forward with respect to the bolt 18. Near the end of the 15 said valve means is closed and sealed upon said bolt
injection, a step 31 on the inside diameter of the injector reaching its !arthest advance such that Raid gun
piston contacts the valve 10 and forces it closed thereby may be fired without forward jogging of said bolt.
ending injection. 2. In a liquid propellant gun as set forth in claim 1

In FIG. 4, the gun is in fire position. The double wherein;
toggle 20 holds all of the moving parts of the mecha- 20 said fluid injector means and said valve means have
nism in a tightly locked position. A lip seal at 32 uses an opening therein adapted to receive a projectile
breech pressure to form a tight seal around the bolt 18 for loading into the chamber of said propellant gun.
and a second lip seal at 22 seals the injection port in a 3. In a liquid propellant gun as set forth in claim 2
like manner. With the bolt slightly larger in diameter wherein;
than the chamber, breech pressure exerts a forward2 said fluid injector means lies outside and around said
closing force on the valve. This sealing means prevents valve means.
back pressure damage to the valve, fluid injection 4. A liquid propellant gun as set forth in claim 1
means or the chamber behind the bolt. A spark pro- wherein said fluid injector means comprises:
vided at 33 ignites the propellant, causing the projectile 30 a hollow piston slideably mounted in a cylinder sur-
12 to be forcibly ejected from the gun. rounding said valve means so as to be carried in a

The prime advantage of the present system over pre- compression stroke when said bolt advances a pro-
vious designs is the integration of injection, bolt, and jectile in said chamber, where the chamber of said
bolt lock functions into simultaneous or smooth rather liquid propellant gun has a tension closed fitting
than sequential operations. In an automatic gun, this with said piston which is opened to permit liquid
will mean shorter cycle time with lower power require- propellant into said chamber when said piston com-
ments. By intermittently coupling the bolt and injector presses fluid within said hollow piston beyond a
piston, the number of actuators is dropped from 3 to 2, predetermined pressure; and
bolt and bolt lock. a step on the inside diameter of said piston for closing

The major new feature making this possible is the 40 said valve means when said piston is at the end of
breech pressure valve. With this valve able to hold its compression stroke.
high-pressure, the need for bolt jog is eliminated. The 5. A liquid propellant gun as set forth in claim 4 fur-
bolt travel and injection operations can then be coupled ther comprising a manifold for injecting either fuel or
together and terminated at the same time. Another new oxidizer to said chamber through an opening on a face
feature of the present invention, is the porting of the 45 of said manifold where said face forms one surface for
valve holding pressure through the injector piston in a the tension closed fitting between said chamber and said
manner that exerts no net force on the piston. piston.

The breech pressure valve might be configured alter- 6. A liquid propellant gun as set forth in claim 5 fur-
natively such as the bolt in its locked position ilearing ther comprising:
on the valve directly but behind the injection port. So a lip seal on said manifold face within said chamber
Breech pressure is allowed to enter the area but its held for supporting high pressure in said chamber that

* by a lip seal surrounding the bolt. Since the bolt is con- does not backup into said fluid injector means such
figured slightly larger in diameter than the chamber, the that further advancement of said bolt in said cham-
high pressure exerts a strong closing force on the valve. ber to prevent such back pressure is not required;
Fuel and oxidizer might then be delivered to the valve 5s and
from a pump located elsewhere in the gun. a seal on said bolt for preventing high pressure in said

What is claimed is: chamber during firing from backing around said
1. In a liquid propellant gun having a chamber bolt.

adapted to receive a projectile and liquid propellant the 7. A liquid propellant gun having a chamber adapted
combination comprising: 6o to receive a projectile and liquid propellant in the form

a gun having a rear portion with a substantially cylin- of fuel and oxidizer comprising:
drical hollow breech area having a central axis; a substantially cylindrical hollow breech area having

fluid injector means contained within the breech area a central axis for Icading a projectile into said
and having a central axis co-extensive with the axis chamber;
of the breech area for insecting liquid propellant 65 fluid injector means contained within said breech
into said chamber; area and having a central axis co-extensive with the

valve means contained within the breech area and axis of said breech area for injecting liquid propel-
also having a central axis co-extensive with the axis lant into said chamber;

* "
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a bolt contained within said chamber for advancing a manner, said valve means, fluid injector means and

projectile forward from its initial placement in said bolt cooperating such that when said bolt advances
chamber through said breech area; a projectile forward said fluid injector means

means for moving said bolt forward in said chamber pumps liquid propellant between said projectile
located in the rear portion of said chamber; 5 and said bolt through said valve means; and

valve means contained within said breech area and sealing means within said chamber for preventing
also having a central axis co-extensive with the axis back pressure through said valve means or around
of said breech area for regulating the flow of fuel said bolt.
and oxidizer into said chamber in a predetermined
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LIQUID PROPELLANT CARTRIDGE DESCRIPTION OF THE DRAWINGS

BACKGROUND OFTHE INVENTION FIG. 1 is a longitudinal sectional view of the car.

This invent;on relates to a system for controlled tridgeassembly;,
generation of high energy gas from a liquid propellant, 5 FIG. 2 is a diagrammatic view of the piston facean of ighearly a a lud a showing the location of the fill hole and extrusion ori-and more particlaly to a device which includes a dif- ices;

" ferential area piston for a lIquid propellant cartridge in FIG. 3 is a longitudinal sectional view of the piston• a bomb ejection system.
bobficti ysem in controlling cor- removed from the casing and taken on the Une 3-3 of' "Difficulty h.'s been experienced ncnrligc r

' " bustion ratestems were proposed based on a regJ- I I.bustion rates. Ss FIG. 4 is a longitudinal sectional view of a modifica.
, .. lted flow of qAd propellant from a two chamber car- ion of the device. It is the original concept from which

tridge. This was expected to extend the burn time of the the preferred embodiment of FIGS. 1, 2 and 3 was
liquid propellant to achieve relatively long, low-pres- doveIl -ed; and
sure time curves. The liquid propellant was ignited with I5 FIG. 5 isa breech assembly incorporating a modified
a primer in the first of the two chambers. The cor- cartibe e

bustion in the first chamber located next to the primer cartridge.
was expected to exert a pressure on a movable piston DESCRIPTION OF THE PREFERRED
which, in turn, pressurized the liquid propellant in a EMBODIMENT
second chamber and ejected it into a combustion area. 20
The rate at which the liquid burned in the combustion The cartridge assembly is indicated generally by the
chamber regulated the flow rate of the ii juid through numeral 10. A differential area piston 12 is assembled
the orifice connecting the two chambers. The time of intoa casing 14 and sealed into place bya closure 16. A
orifice opening was expected to be controlled by a dLf- primer assembly IS is located in a bore in the closure
ferential pisten ccnnected directly to the materia! to e 2 16. The bore extends completely through the closure
ejected. Ignition of the liquid from the second chamber 16, acconurodating also the ignition mix 19. when
was expected to be accomplished by flame bleedoff function is to ignite the liquid propellant within a first
into a pass channel from the first chamber. chamber 20. The piston 12, the casing 14, and the clo-

* The problem with this approach is typical of any con- sure element 16 are fabricated of heat-treated steel for
cept dependent on the confined burning of bulk liquid 30 strength and resistance to erosion. The piston 12 has a
propellant. The burning rate cannot be controlled as it free-volume internal cavity 21 to reduce the initial
is a function of the liquid's surface area. As ignition and combustion pressure. A pair of orifices, 22 and 24, pro-
burning of the liquid take place, the surface area of the vide a metering entrance of the liquid burning material
liquid increases rapidly in a random manner to the ex- from the second chamber 26 to the first chamber 20.
tent that the burning process can occur at the detona- 35 The opening 23 functions as a fill hole. The piston 12 is
tion rate of the liquid. proided with grooves or recesses 30 and 32 to accom-

Other difficulties arose. Erosion .carne a problem. modate the 0-rngs 34 and 36. The recesses, 30 and 32,
Contamination occurred, particularly aluminum parti- also accommodate the retaining rings 37. The casing 14
dles injected from the cartridge case into the bomb 40 has two areas A and B with a differential internal

erack system. diameter. The piston 12 has a corresponding dif-
Furthermore, normal Fropyl nitrate (NPN), a liquid ferential in external diameters to fit within areas A and

propellant in general use, is incompatible with many B of the casing 14, thus forming the chambers 20 and
plastics and metals. Good sealing methods were dif- 26.
ficult to accomplish. 45 The first or combustion chamber 20 is provided with

an exhaust port orifice 32. The closure 16 has an annu-SUMMARY Or THE INVENTION lar shoulder w!ich aligns the assembly 10 when in-

The objects of the inven ton are therefore, to p;ovide serted into a cartridge holder (not show.).
a regenerative system and a device which will: Since the liquid propellat normal propyl nitrate or

a. reduce reactive forces by controlling the !om- so NPN which is used is incompatiblc with many plastics
bustion rate of the liquid propellant; and metals, the oriftces 22 and 24 in the piston 12 are

b. increase the mean time between ejection-system sealed with epoxy adhesive and polyethylene plugs or
failures by using a liquid propellant having a low-corn- aluminum tape.
bustion temperature, thus decreasing erosion; The 0-rings 34 and 36 are of ethy!ene propylene, or

c. reduce system contamination by decreasing 55 comparable material and the retaining rings 37 are
residue through using liquid propellants and by Teflon.

Sm:nimizing the quantity of aluminum particles injected After the piston I2 has been inserted into the steel
from the cart;idge case into the system; and cusLng 14 the liquid propellant is inserted through the

d. enacie te ystem to withstand high temperatures. hole 25. The method used is to inject the liquid through
Epoxy adhesive and polythelane plugs are to be used in 60 the hoie 25 by means of a hypodermic needle .-nd sys-
the p:;ton orifices. Ethylene propylene and Teflon are inge so that any entrapped air will bleed back through
xsed for 0-rings and piston seals. The piston casing is a the hole. The quantity of fuel injected is measured and
one-piece steel case. the hole sealed when the operation is completed.

These and other advantages, features and objects of 63 The clsr plug 16 containing the primer assembly
the invention will become more apparent from the foi- I is sealed onto the casing 14 with an epoxy seal.
lowing description taken in connection with the illus- The polyethylene plugs or aluminum tape used to
trative embodiments in the accompanying drdwings. cover the holes 22 and 24 rupture .'hcn the movement

- -
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of ..c piston applies sufficient pressura against the liqt burns in the portiustion chamber 56 regul tes
NPN in the reservoir cavity 26. Until the proper pres- the -nw rate of tue Iiqui through the passage cnamber
sure is applied, all of the NPN is contained in the car- 54. The time of pass.-ge 54 opening is controlled by a
tridge case 14 ard held within the reservoir 27, iince differential pston 64 connected directly to the stores
the cavity 26 is sealed by the piston 0-ring 36. The cavi- 5 (not shown) to be ejected.
ty 20 which is the combustion chamber is sealed by the Ignition of the lquid from the second chamber 56 is
piston 0-ring 34, by the taped orifice 38 and the screw accomplished by a flame bleed off 66 into a by-pass
46 closing the orifice 28. channel 68.

* When the pressure caused by the initial firing Referring now to FIG. S. a breech assembly 70 has a
reaches a predetermined level the sealing material of 10 primer recess 72, a trzasducr port 74 and an exhaust
the orifices 22 and 24 rupture. The pressure of the port 76. A piston 78 provides a cavity 84 and separates
piston 12 2gainst the NPN causes extrusion of NPN a first chamber 82 from a combustion chamber 86.
into the chamber 20. The bores 22 and 24 are provided Recesses 88 and 90 house 0-rings 92 and 94 and a

" with counterbores 23 and 25 at the NPN piston surface back-up ring 96.
* into which the sealing material can lodge without 15 Opcrings 98 provide a regulating flow from piston

clogging the orifice, cavity area 84 to the combustion chamber 86.
In the operation of this device a regenerative process

MODE OF OPERATION takes place as described above in the operation of the

The liquid propellant cartridge functions in the fol- device of the preferred embodimentlowing sequence: 20 Although the invention has been described withUpon applicaton of a firing pulse from a power reference to particular embodiments, it will be un-sUpoapplyton of airnic ure 1a pwi derstood to those skilled in the art that the invention is7-supply (not shown) the. pyrotechnic mixture 19 within

the primer 1b ignites. 0as pressure and burning parti- capab!e of a ,'riet-'of alternative embodiments within
des accumulate in the cavity 20 at the large end of the the spirit and scc:pe of the appended claims.
pston, and adjacent the primer 18. T y is 25 We claim:
diston. toadjacenthe provide umefr gs Tepasioto i 1. A system for controlled generation of high energydesignei to provide frez volume for gas expansion to

reduce the peak prress:re. Some of the gas escapes gas from a liquid propellant comprising:
throug the e~has't por orifice 38. Simulaneous with a cylindrical casing hav:.,g differential areas along its

this ap.lication of pressre, a reactive pressure greater leng'h,
than that existing in the first chamber 20 is created at 30 a close-fitting difterential piston slidably disposed in

the small crd of the piswn 12 in the reservoir chamber said cylindrical casing,

26. This pressure differential is sufficient to cause the a reservoir chamber in aid casing forward
seals of the orifices 22, 24 and 28 to rupture, freeing differential piston,
the liquid fuel in the reservoir chamber and allowing it a ccmbustion chamber in the central area ofsai dif-
to flow through these oiifices. The flow rate is regu- 35 ferential pi.ston,
lated by the orifice size, the exhaust port size, and the a closure e ement fixedly 'ttached to the rearward
differential pressure. As the liquid enters the cavity 20, end of said casing for eTectiveiy sealing said corn-
it is initiated and combusts. bustion chamber,

The piston 12 is moved against the NPN by the initial a primer housed in a recess in said closure element,
presure of the primer and is sustained by the com- 40 said primer being in operative communication

bustion of the liquid in the cavity 20. This causes th with said combustion chamber,
liquid to 3gain be extruded through orifices 22, 24, a plurality of orifices in the closed forward end of

passing from the reservoir chamber 26, through he said differentia! piston in communication with said

piston orifices and into the combustion chamber 2. reservoir chamber, said orifices being dimensioned

The residual combustion produced from the primer 18 45 to control the rate of flow of propellant into said

again initiates the extruded liquid and it combusts at combustion chamber,

tie lai ge end of the piston in the cavity.20. This creates rupturable seals covering each of said orifices, and

preswure in addition to that provided by the primer, a vent opcr.i.g in said casing bet-Aeen said piston and

regenerating the process until PH the liquid in the reser- said closure element, said yen: oening having a

voir 26 is extruded and consumed. 50 rupturable seal thcreover for regulating the pres-

Referring now to FIG. 4, this Figure is a representa- sure in said combustion chamber,

tion of the original form of the device from which t.e whereby the firing of said primer ;:;.uses pressure to
preferred embodiment was developed. bui',d up in said combustion chamber and rupture

In this embodiment, there is achieved a regulated the v,nt opening seal while urging the piston for-

flow of lquid propellant from a cartridge 50 provided s ward until the seals covering the orifices in said
with a pair of chambers 52 and 54 and a combustion differential piston are ruptured allowing liquid

chamber 56. In this device the bum time of the oropel- propellant in the reservoir chamber to pass into
lant was extended and relatively long, low pressure the combustion chamber at a controllable rate and

time curves were achieved. The liquid propeUlint is ig- be ignit 'd by the residual combustion of the initial

nited with a primer 5 in the frst chamber £2. The 60 firing o said primer, thertby areating additional

combu.tion in this chamber exerted pres..- on the pressure and regenerating the process until all of

movable piston 60. With the movement of the piston 60 the propeliant in the reservoir chamber has flowed

the liquid propellant in the second chamber 54 ejects it into the combustion chamber and been constmed.

into the combustio area 6. The rate at which the * * * *
65
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1 2
tained within a creity of the firing chamber borac:e
on the forwird cad by the projectile (which m~akes a

2,97,21fluid tight seal with the barrel. and rearwzrdly by the -

2,94,221pistOaL
COMPRESSION IGNTON GUIN 5 As wil btcome more apparent htmre naftcr, the bullet

Donad N C'ritin, iagra all, ~L., nd ohn~ ~ may be insert.ed by hani through the rear end of the
Duartc. Calif., assignors to Glin 'Matbieson Chemical chmebypviigautblqicoerigdson
Corpor.- lion, a corporation of Virginia nector between the barrel and the cylinder or by pro-

viding a blidable 'olt as mn a belt action firearm.
Filed Dec. 10, 1956, Ser. No. 627,724 10 After :he buh -t and the !iquid propellant are posi-

2 Claims. (Cf. 89-7) tioned as described above, the piston is driven forward
tawards the projectile causing the gases or vapor in the
ehrrnber to b: compressed under approximately adi-
bai corditiorn. The internal beat generated thereby

Thc prz.%ent invention relates to devices for advancing 15 ignite-s and cipodes tha proptllant, driving the tullet,
proje.:tuiis and is par-iculariy concerned with projectile stud, or otiher projectile through thQ barrel and out of-
advancing devices which utilize fluid monopropellanrs. the muza~e at high velocity. The reaction of the exp!o-

Our invention, in particular, utilizes the pherinenon sion tray be utilized, it desired, to armerated upon the
of vapor compression ignitioin to ignite and explode a piston in -he manner of a blow back operated gun to
c6arge of liquid prcpeli!a't I, a firing o- corsprebsion 20 drive the piston rearwardly where it may be latched
charnbr to propel a proice t.I.c from the ch..mber: ready for the next compression stroke.

Vapor ph.:sc ignit~on 01 consoustibtle sutstances by The Eases or vapors 'shieb ame heated by compression
adiabatic cornpres;ion is a weii-kaown ph-cnomenca and in the c~sanit-cr may be air. propellant vapor, or the
ku's heretforc bee!n unilizA on a large scale for i~nitioa gasecus products of previous combustiors of the propel-
of air-fuel mixtures in diesel erigines andl the lie. The 25 lant.
coni;:ession ignition phentom.enon Liss &!t: been 'ciind 1, i3 to be unierstood that by the term "prcpeilant"

* to be undcsirable arnd even hazardous in other circurn- it is iended to designate liquid monopropsllaots sus -_
stances. for example, in the use of liquid monorropet- cetttib'e of comnprecssion igniton. Examples cf suc-h
lants in various rocket applications where the monopro- Imonopropeliants are nitrorrethiane, propyl nitrate, and
pcllant can be subjeccted to zaddes compression uhen 30 a iaecontaining by weight approximately 60 per-
vaporized or partially vaporized duriis- rapid opening- cent 1-'drazin: approcimate~y 33 p.-rcent hydrazine
or doting of va',ves in the pumping sv.,tem. nitr.ate anl abort? 7 perceat water.

It is a particular object of th: presNrt invention to It is to be ro:ed that piroplciarts of the above general
provide a projectile propulsion mnechanism in whi :h the descri-gt-on have been ignited in .30 caliber guns devel-
phenomicrion of compression ignition is utilized. 35 opin; oinz'le velocities as high as 1700 feet pe!r second

ft is a further object of the present invention to pro- using- 1buh4et of standard weight, gr,!L-5 ains.
vide a putely mechanical ignition systemn for such a izvi'tz described the general prirnci!es of the- present
mechanism~. .".us eliminating the need for fixed ammu- in~ta.a mechanism embodying the p-inciples will
niti;ot, primers. electric sparks or cther ig-nition scheme%.,4 be . cscribed. The invention will also be described as

A still further object of the invention is the provision 40 a.'tcd to aconventional single -hot rifle.
of Ln zv*c.':c, wca1,on of aisy dcsired caliber wherein Obviously, the orinrciples of the invention are not lim-
th: rop-!!an, it% ::iquid fOrm n-say l'e containzed con- ited to Sircarms buit are adapiable to so-called powder
vcniently in a reservoir attacl-ed to or closely associated actuated tools atitized to drive studs or bolts into build-
with the weapon. ing mattrials. Accordingly, the use of the term "projec-

At-. m)Ocr object of the invention is .he provision of a 45 tCc- itereir. is irtended to incu,-de bullets, studs, bolts, -

gun in vhich the projectiles or bu':ets are hendled sepa- rivets and the lie.
rately and are thus not associateci with a cartridge cas- Ref.rnn new to Fig. 1, itbera is shown schematicilly
in; uf any kind. a se:inai vtzew. of a fir~ mechanism consiructed in

Another ot iect of the inver ;or. is tihe orovision of a accordance %;iih the prirc:Ijies of the present inve-ntinni
compression i~nitirin liqu.id propellant tsrojectile advanc- 50 and illustrati:; to advantzge a projecti~e seateJ in the

* in-, Lchcn'.e wich is r 3d'l adptabi.z to prvsent da3y Erin-, or ca'rpre-sion chamher, the piston in the cocked
powtder a.,touated tools. T1c tools referred tu here are pr,o-si and propellant being injectecd into the firing
tinec used to oris'e rivets, bois, studs, and other fn~s- cbsa-berV 'ners. Ftg. 'I is a view similar to Fig. I and shows the piston

B3.!ical!y. tI.:propulsior mechanwsm of the present 55 adN an:in- to%%'ard the projectile to bring about adiabatic
irven-ion simpty requiies a main bod, .ncrrber (if .nv caosriprevstort oi the rnonoprapelant,

Ldcsired shape form~ed withi a I ' .e defining a zy!inder, a Fig..3 is also sim~ilar to Fig. I and shows the projec-
barrel having a firin~g chambe!r and adap'ed to'receive tilt le-aving the! barre and the piston at a point along

4 a projectile therein, stid barrel being removably at-ached its return p;anh:-
to and comrnnicatiric with the bore of the cylindcr. 60 Fig. 4 !,bows the risto. fally returned and latched
a polson slidubly positioned within the bore, project.ing ready for the cen i 6ing,
into the firing chamiier and Vinvidtid with a mechanism Fig. 5 is an elevational view of a portion of a single
such is a sp. ing for driving the piston forw~ard to-,rards stot rifle will' which the princip'es of the invention
the mouth of the barrel !u reduce the volume of the fir- moy be ascociated and showing the comnaression piston
ing chamber. 65 in th-C forward psitnn

Thec mechanism is oecdby chambering a Lcilet, a Fig. 6 is a view similar ao the showity. of Ji,. 5 illus-
* stud or other projectile a! the forward end of the chain- trtttilig the cninprarion pistoa in t0w : :r or cocked

tcr. ramming the projectfe horme (usually to the begin- Wf;iio
ning of the rifling or other sealing means) and injecting Fig. 7 is a plan view of a porticavt of tf.: rifle of Fig. 5
a metered cha-ge of a liquid propellant, susceptible of 70 showin~g the Wot operating arm to tdi-antae-;
:,)-rpression ignition. into t"e chamber bzt .sen the pis- F'g. I is a view cif the sear arv bolt assembly. some.
ten ~And the projectile. '! us, the propcilant is con- what enlarged, in the cockc condition;



ri; .. is a view of the same elements in the position bore 48 hereinafter referred to as a c~mpression or firing
sshich i~p, Clents the start of the pump stroke; and chamber. A ;,Sion 51 havir , -jhead 42 is blidablce wifiia

IiZ. 10 is a view~ of the clernents in tie position which the bolt. A coil spri.g 53 .i:: e'prable to urg~e the piston
rerjcit-its Lie cnd of the pump stroke. to !he right as vicwtei n Fig. 5.

P r'now to Figs.. I through 4, the reference nu- 5 TLi bolt 42 i of !h: rot :irng-occk type and as is appar-
me!' -'0 dcsigriatcs a barrel having a ;iled bore 21 Uer- ent in F;!; 7 is o .erable to be r.itateJ until the operating

niij t n iniot bredefining a firing chamber 22. hanJic 43 is in ai .-nrnent w:,* ii~e slide 44 and may there-
A ;'::,,cn 23 hzAving a Lead 24 is tslijk~ly positionjii alter be. moved to and fre aloz4- the longitudinal axis of

tb L-.J~4 r. The rear end of td'e barret 20 is received the gn
',i 1rcmovably fastened, by means not shown, to 10 Union moving the bolt to the left, -is viewed in Fig-. 5,

a c5! P.-i'-r or tubular !pring c!se .1C. Rt is intended that the piston 51 6s ca-rried to the lcii until a shoulder 50
t.~. ir [-. 2 and the -.%iirdcr 76 -ueadcdiy enpza:e ore formed on the pistor overruns -t scoar 54. The sear is

by iterrpad~Xreds o tht te barel int-agrl with a tri-ger assenftly. indicated gen~erally by
P2YC- uiiy refooved for -3c purpose of inserting a the referenc.- nuner.-I -5, pivotalliy moun~ed in a rce,*vr

25 ; r. the chamber anJ ramminag it home (to 15 by a pit! 57. A spring- R. cc.nstnartly urges the trigger
Ii: o~i-f t'ic -illing) to makc a fluid tig-ht teal. As assznl y in a countericekwise eiicction so that when-
5hey -r '. the diavwin ,3, the cyiiedcr 26 is encljsed by a ever the piston is moved to the left, a distance sufficient

p - .z a.A ztc pis:=n head :4 is slaable in the c)lin- t.) -semit the shoulder 50 to override ibe sear, the piston
J:. bi-aocd b-tcentepso edadtepaei is Labd in a cocked position as shown in Fig. 6. An arts

a c:' T. The rt-acis undet a substantial corn- 2') 59 fi med integral with the tri.-ger assembly rides uport
pre~,a~~sd~ i thznc zzoj ia ube ' to drive the piston and actuates a pump cam 61 vbich in turn bears upon

rowa:.' L;c proj'-ctil. a pump piston 62. IThe pump, cam .S1 is roiatable Rbeit
'11L comrression or firini chamber 22 is provided with a pin 65 through an arc limited by the blot 64 and the

a ap or: th.-ouh which a metered charg of fuid mono- foliower 63.
of~.r cthe t,, -, pretviously desr rI bed -5 injected be- 25 ia the marner wthich will become more arparent here-

tvwez tnc piston 23 and the poes: 25 tdsposed as inafter the ptump c=~ is operable by manipulation of
sew inFig. I. tbe tr~gger to move &rcm the position shown in Fig. 6 to

Ti". part 2 2 mi: t b ' litd with z one way cteck valve tL- posit*on --f Fig. 5 During the course of this cam
v i.: cppus~s diicharge of fluid from ttue interior of the rot tion, the pump piston 62 is moved to the ri-ht (Fig.

ca:rantd any suitable positive ciipiacemeflt pump N 5) against a spriag 67 !Ls pump a metered quantity of
rtcas :ny e utlizd s metr te lquidthrughthe fluid past a check valve 68 into the chamber 48 by way

bareci ;-11u tlie ciazt-br. When the barrel 20 and the of a conduit 69. It is to be noted that pump cavity is
cyl:_,x -r 26 arc diszn-anec tcd for the purpose of inserting also provided with a check vaive 71 to seal the cavity
a p:cj_-ztile, the jis:on 23 is pushed ;e.mrwardly com- - during the pumping action.

pe :i-g1:c sprnrg ^S. A latch 31 is pr-cvided for latch- JS Re:fcrring furthier to Fig. 5. there is shown a liquid
'-encs of the pi:aton in the position shiov in Fig. 1. propeiOart container 72 having a relatively nmovable bot-

;zz i;nto of thi liquia propellant is accomplished tomn 7.i. The botsra is engaged by a rush 74 which is
by tccompre, sto3, a minenium compression ratio in tura urged to the left by an actuating spring 76. The
ii to gen.-rate- suLizielt. he., to c.csp_ irnition, actuating spring is constantly under compression so thatnris mrinimum compresstion ratio is dcpcr'dent on the 40 a force is exersted at a'1i times on the pu _' rod which in

pari:ar~rpea' sed. and also cn the ratio Of !iquid turn fr.! to 'arv: the movable bottom 73 to the le-ft
to vzp. r vulizie in the chazmber. Compression ratio is thereby picssurizrtg propellant within the contiier.
con,.:;.-ed by the freof the -p;ing. and thz mass and 711e f'u,d pre ;ur: uader which dic: propellant is main-
c1VO'- -.c:.cnelJ iica of ;!-,, pi~ton, a~id conipicssion ratios tamed is se-0 i as tc be slightly in excess of the

Is 1:d: I I,;: Gamziras rcruireJ. 45 s; inr, pressur,* exci-' d by the pumap cheek valve 71. In
V,t-, tCie piszon latahecO by the element 31 and propel- t,:s way, tsere is alwav s the zssuracne of transfer of liquid

LI ii'.rzd be:C!*.%n tWe bead of the piston and thle prooelant f rmt tbF ccnitainer 68 to the pump cavity 66
bullez 25 .ai show.n in Fig. 1. rmlea!se cf the p'ston wiji when the -:-=p pis3ton assurses the p~osition shown. n
r, 'rniz to d7'%e forwar'Jy toward the projctile in re- Fig. 6.
'por..e t the urgir.g- of the -.pring 2S. A sudden and 1 It is to I-. noted that the pring pressure of the check

~u~.:.t yadihatic compression o the vapor volume valve 68 trust be Of SaffiCi- t : rength to Dreclude ad-
in iLL: C!aber occu:s, generating suffieient internal heat mntiag liquid propeian- fiki )the chamber prematum.-v.
to a "c. t ivnition. i.e.. paiior to tfie pumping stroke. In other words, t6e

Uponitzt --), the pipla burns urplsiveiy and thc spring pressuire of checzk valve 68 should be iti excess of
pro ecti.. or ,L:'ct is propellelI alorg tbc barrel and 55 that of ;.heck valve 71.
leaves thc b :iiel at high veloacity. -'s shown in Fig. 3, Attention is directed to the fact that opeittion of the
uhilv the piston 23 is d'riv.-n :owaid the rear in the man- pump cam. and pumip pision must occur pa: to thz
nc.r of a firearm bavin!, "blow-bnei2" operation. The pdissagi: of the cornp~ession piston by the sn~et cooaduit
blow-'~c acinoJh6iso cusa a rclati-ely low 69. This is accompli~bed by proiigsfictth~h
velozit becatr~e of its heeh mass (relative to the mass to the mear 54 so nba: there tr...y be appie.a*ilc ro!. L~ou
Of the rocti. and the head of the piston overridcs the Cf the trig-ger 3Ind correspocnding ,,)tdtion of the ptemp
laten 31 a-ne s latched in the ,r;itnr. shown in Fig. 4. cam without tinlatebing tb. comp;es:ion pis~c:i.

Rcizerr':ii uosw to figs. 5 th rvogls 10 ana in particular This action is mc:e app'arvn fio:;t the -howtn, cf Fize.
to Fi eS. .' L.. Ind 7, it'ere is shownt a shouLder fi1rearm 8, 9 and Il.-wberein Fig. $ shows h-- co--np;c~bicn pisten
witb v~oaci Ire principles of the ptescnt intention m;ay 85 fully latched and the ttigger and the ram:p actuatmn,
lie :ji:&i4. A bolt action rifle designated Cenerally by cam in the initial position. The nastiona of these ee-,
the r.t 'recc number 41 ii provi~ded with a bolt 42 ,av- went: at this time corresponds to tise sivago.' Fi;. 6.
ing a,. ,p.:rating handie 43. The bolt Jis slidabce j ind In Fig. 9 therm is a s, ow-rig of tl~c rela io1si 1 Icetstcen
fro in a slalc 44. -the sear an3, the coznp:essaon piston dairrng acttu~ucn of

0Wv'ousiy, the tolt may be moved front a for.. id 10 tiec pump camn but prior torelease of the piston. Th:
posit~on as shown in Fig. 7 to a remr or open positior .15 relative position of the icear arid the pis:uii .. ouldcr i~s
reo.%;-.tedc by the dotted lines in Fig. 7. A n the open trated in Fig. 9 woaicjates that the trigizr ii.!s beena p2:-
pom .tion. projects sucni as a bullet 46 may be rcadiy tially rotated in a clockwise direction cad tia' pump cein
instrted into (lie baired as at 45. The boli is provided has been rtated corresponditigly in a courtcrcicit~ws:

ait ; .1t bore-47 wbv!ich commanicates .with a second -~direction.
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Fig. 10 shows the condition of the respctive elements selected consistent with the characteristics of the Par-
Mut at the instant of release of the con.cressiort piston ticular liquid propellant, and with toe ratio cf he liquid
and upon coniplctio-i of the pump cam rotation. charge volume to the total cham-rber vo.:rne. As stated

It is to be understood that when tOe trigger zssembiy before, s-Afficient hecat is peacrated during compressioni
and the pump cam reach the position indicated by the 5 to Cause the liquid propellant to ignite and burai with 30
showing of Fig. 10i, the chn-nber 481 has received a pre- explosive force to propel the projectile out of the barrel
determined charge of fluid propellant. Further travel of of the firearm.
the compression ps;ton zdiaj)aticalty compresses the Subsequent operation cf the Fimearn may be accoln-
vapor or Eas vol.me in the chamber llenerating suffi- plished by repeating the step i just described.
cient heat to -ause ignition ot the propelant. There- 10 It is to be understood that it is entirely within the
after, rapid burning occurs and the exprnsion of the scope of the present invention that the principles thercof
gaseous products of combustion drives the projectile along be utilized to actuate tools for advancing rivets, nals,
the rifling and out of the barrel into the atmosphere. bolts, etc. into building mate-rials as weUf to advaznc-:g

Operaion projezctis from firearms.
15 It is aiso within the contemplatioa of the invention

The operation of the firearm illustrated in Figs. 5 that the principles thereof be utilized in acisamaic fire-
throug% 1 0 occurs in the following manner: arms in which the -'blow back" action of the compres-

Assume that the boht has been opened in the conven- sion piston comnpresses the operating spring to store suffi-
tional manner and that a bullet in the form of a lead cient mezhani*cal energy to acccemplish fc~eding- of pro-
slug has been inserted into the barrel and rammed to 23 jectiles and other necessary mechanical functi.ons.
the base of the rifling as shown in Fig. 6. Upon closing It ;s further contemplated that the prn'ciples of this
and locking the belt, the ccnipression chatmber is scaled, invention can be utilized in various aidtomatic or semi-
the seal being represented at one end by the projectile automaitic firearms in which conventional '-reca~l-opera-
sea'ed against the rifling ard at the other end by the tion" or --tas-oneration" is utilied in ccnJuncsion with
compression piston. Assume further that the conipres- 25 the "blow-barckt action of the compresscon piston to
sion piston is in the cocked pos:'ion as snhow;n in Fig. 6 accompi~sh necessary mechanical functions.
having been so disposed by or'ening the bolt or by the What is claimed is:
'blow back" action of a previous explosion. Since the I. In a firearm including a barrel and a tr-gger, a
trigger and sear have been overridden by the belt and bolt opciaive to ecgle and mnake a fitd tight seal with
the co'nrevtion piston, the pump cam will be in the posi- ^0 resnecct to one eind ol the barrcl, said boll cc-terng

* sion shown in Fig. 6. Ccwx ~spondingiy, the pump piston with a projectile disposed in the barret to define a corn-
Cc will be disposed to the left as view~ed in Fig. 6 and pression chamber, a fluid supply container communiczt-
the propellant unde-r fluid prrssure within the container ing with the compression chamber, pump means in cir-
72 will have fc. . propellant into the pump cavity. cuit with the container and the charmber and including a
Since the check valve in the conduit leadinc to the comn- Zzo piston and a cam, operatively connected to the trigger,
pressioa chamber domirnates the pump cc valve, a said pump m~eans being respcznsive to operation of the
charge of rrcpe!)-nt will be confined in the pumnp cavity, trigg.er effectise to meter flud from the contjiner to the

Upon manipulation of the trigger in the consentional chamhcer. and compression rrezai including the bo!t
manner, the sear graditally draws away from the pump responsive to opert-aion of the trig-_er for chan~ging the
piston shoulder 50 a-cd in the first prcdetermincj arc of 40 volume of the c'hamber whereby fiiuid introduced thereMn
rotat*. an of' the trigger, the pump cam will be actuated is pressurized.
to drive the pump piston to the right (Fig. () with a -2. The fnrearm of claim I whecrein the pump and at
force suffciet to g-enerate, pressure which over-omes the least two check valv e% Pre disnosed bettveen 'he fluid
check vd!, e 68 permitting the chaize of propellant to supply ccntainer and the pressure chamber, one check
flow into the compression chamber. 45valve coop-rating with the. fluid s-upply contasner 2nd the

Inciden~tally, attention is directed to the fact that the other chieck valve cooperating with the pr.:ssure chamber.
motivatirg power for actuating the pump piston neced not
b-z dt.rived entirely from manual operation of the trigger. erncsCedithfleotispet
!t is to be note! that the compression spring 53 is Rfrne kdi h ieo hsptn
c-onstantly urgjug the compression piston to the right. 50 UNIT ED STATES PAT' :.TS
Ry virtue of the camming action between the shoulde:r
50 and the sear 54, the spring 53 helps to drive t.he I,7,4 isher -------------- M %ar. 7, 1916
trigger through its initial arc of rotation. 1,291,674 Brannon --------- ---- Jan. 14 190~

Cfontinued rotation of the trigge~r fret.; the compres- 1,343.456 Jones ---------------- June ,5, 19-:)
*sion piston to move to the right sealing off the inlet port 1,38;,l1 . H,4l et al!. ------------ Jun. 2S. 19'-

69 and compressing the charge of propellant to the rela- 1,5 1596.057 Nlaflory ------------- Aug. 17 192c;
tively sir'all volume such as shown in Fig. 5. 2,129,875 Res ------------ Set. I, % 9

The compression ratio of the compression chamber is 2,574,147 Hobbs --------------- No-- ?v. 6, 1951
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2
tag ignition to put these parts into the ready-to-fire posi-

3,195,407 tion again.
LIQUID PROPELLANT PZOIECTILE "NTI As shown in FIGURE 1 there is provided an embry-

Charles iV. Turner. Mount Carmel. Conn., assignor to onic buffet i1 consisting of the usual jacket I of a suitable
ofist Matlak-Su Chmical Corporation, 2 Ciorflrtion copper base aloy. a solid front core section 2 usually of~of Virginta

Ori.nai applicction May 7, 1963, Set. No. 278,676. lead or an alloy of lead, and a rear core e:tion 3 fitted
Di' ided aud this application Oct. 19, 1964, Ser. No. snugly in the jacket and displaced rearwardly from the
411,663 front section to provide a cavity 4 containing a charge

3 Claims. (CL 89-7) 5 of a liquid monopropellant.
3o For example, in a typical 0.45 caliber bullet, a cavity

This application is a i;vision of co-pending application, volume aa-d charge of about 0.5 of a cubic centimeter
Serial Number 278.676, 5led May 7, 1963. are contemplated; which is to say that the cavity is to be

This invention rc!ates to an explosive driven unit and alrmost completely filled wi:h an alkyl nitrate rrope!lant,
in particular to bullets and projectile-type fasteners each exccpt for a few percen" of volumetric capacity left to
of which includes and uses a liquid propellant charge. I.- take up for thermal cxpansion and contraction of the

One object of this invention is to provide a relatively liquid. A suitable liquid propellant is a mixture of ethyl
simple primeress type of bullet or projectile fastener nitrate and normal propyl nitrate. Specifically, 60 mole
which depends on adiabatic compression of gas in the percent of eth)l nitrate admixed in normal propyl ni-
compre!sion chamber of a gun or tool barrel for ignition trate, and known as 60:40 EPN, was found to have the
and explosive expansion of the propellant and thereby 20 desired sensitivity and reliability from the standpoint of
avoids need for carrying a propellant charge together adiabatic compressive ignition and stability.
with a p:iming mix separately from the bullet or other Projecting from the jacket and sealed in by the ring
proje:tile unit. . 6 of sealant such as solder or epoxy res.n, the rear core

Another object is to provide a simple projectile struc- section 3 has a central aperture 7 forming an ejection pas-
ture including a charge of mixed liqu,- allyi nihates, a 25 sage hermetically closed by a plug 8 of suitable consum-
pump piston, and a rupturable seal, all as an integral able material !uch as polyethylene force-fi;:ed into this
part of a projectile unit. tiny aperture to prevent loss of propellant before use.

Another object is to provide a projectile structure hay- The closure S, which may be further sealed and retained
ing initially a cavity substantially filled with propellant, by thc application of an epoxy adhesive 9 is adapted to
thereby avoiding need for additional cavity space fr an 20 rupture whenever the rear core section 3 is rammec
adiabatically compressible gaseous phase for ignition of forw.ard .by a thrust applied to the trailing end of the sec-
the propetflnt, but having finally a maximum projectable tion at bevel 10 provided for the purpose.
solid body of the desired caliber for projection through After firing the projectile assumes the final form of
a barrel, the bul!et 15 shown in FIGURE 2 where the sections 2

Another is a bullet or fastener with a liquid propellant Z. and 3 are put into abutment inside the jacket to provide a
charge. avoiding need for cartridge cases. their extraction substantially solid bullet charac'erized by desirable ex-
or election, and also storage and metering devices. ternal ballistic parameters.

S1till another object is the provision of a bullet or Firing abolishes the cavity 3 and except for the pres-
fastener providing an accurate propellant charge together ence of the remaining central aperture 7 the projected
with a means for injectin., that charge into the compres- 41 bullet 15 is quite conventional in appearance and be-
sion and firin.g chamber of a firearm or tool. havior as compared to the embryonic forms 11.

Still another object is the provisicn of a simple but The core sections may be of any suitable material
rugt'ed firing apparatus. The aparatus is capaole of in- such as steel, or a combination ok. materials to provide
jecing the charge of liquid propellant in a compression desired weight and/or hardness, balance, armour pierc-
chami-r and of app!ying compression for ignition with- - ing properties, or mushrooming properties.
out the need for a propellant rese.voir, for various fluid In FiGURE 3. the embryonic unit 16 is of a form suit-
-netering a:nd vaving parts, and for an apparatus pumper able for assuming the final finished shape of the fastener
acting directly on the propellant with attendant deteriora- IS shown in FIGURE 4 driven into a supporting plate
tion. 19.

Other objec's and advantages will be evident from a -0 This unit nas a main fastener section 21 of steel of suit-
deszription of ;arious embodiments shown in the accom- able hardness and toughness having an ngivally tapered
panying drawings in which: picrcing point 22 and a thrczded or othervise formed and

FIG. I is a longitudinal view in crot s secLion of a bullet enlarged rear end 23. usually as shown to .dapt section
according to this invention shown before firing; ?1 for attachment of objects to th. support. One end of

FIG. 2 is a longitudinal view also in cross section of 55 the main section is recessed at the rear to form the pro-
the same bullet shown after firing; pellant cavity 24 containing, the EPN mixture 25 and par-

FIG. 3 is a longitudinal partly cross sectional view of tally 'ontaining the comprcssion plug section 28 closing
a projectile type of fastener accordir_ to another embodi- the cavity and retained in hollow secticn 21 frictionally
ment of this invention shown before explosive driving in and/or adhesively with the aid of a sealing ring of epoxy
suitable driving apparatus only part of which is shown: GO resin adhesive 29. In lieu of central passages, the plug

FIG. 4 is a view of the same fastener shown after it section is provided with longitudinal serrations 30 form-
has been driven; irg pass:.ges around its .ylindrical surface for ejection of

FIG. 5 is a fragmentary ,iew of a suitable firing or the propellant when the seal 29 is ruptured as the plug
driving apparatus according to this invention showing section 2S is pushed in by ram 31 to fill the cavity 24 and
the parts and a bullet of the type shown in FIGURE 1 r5 drive the proell.ant out into the compression chamber 32
in the ready-to-fire position; formed in tool barrel 33 around the rram between the

FIG. 6 shows the apparatus and bullet in chambering fastener urit 16 and a compression plunger 34 coaxially
and pumping position; mour,ted to slide forwardly with respect to ram 31 after

FIG. 7 shows the apparatus and bullet during ignition; the latter has completed its forward thrust against the
and 70 fastener plug section.

FIG. 8 shows the apparatus with certain of its parts Ram 31 and section 22 have convex faces 35 and 36,
being blown back by the burning propellant gases follow- rrspecive!y, in juxtaposition to allow for application of the

p
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* prc~surc of thc i:;nitod prc- !;.nt b:aatLo~ii Se .tiuis of lion n!Ly be inerlwith the jacket shown. The bullet

tic faslcver ;ind avo:id eparus':on of thcem. rear se.Con may take cithar 1he centrally apecrtured form
The sa-rrations 30 tat.c thc forni of prce ably two or or the formn of tlhe. uniformly seiratcd plug section of FIG-

thn slots cc-ualiy spiaced abuut the cix-urficrence of scc. URES 3 and 4. Liizewisc, ihesc scrrations providing pas-
ion 23. 5 sa.-cs it the outer surface of the plu, may he replaced by
To charribr tae p'o etile fa-tener unit 16 in th.- bar- a c4entral psaefor ejection of the propellant.

rel 33 a ith a dzsired Ntal and a decsired initial resista -c. The mecans for sealing the ejection aperturc is adherent
and t~hrreby pros u~e Lor'nrtcmeflt at thbe front en~d of :he to one of the unit sections and is rupturz-ble at a predeter-
conspie-zion chanmber there is a tapered shot-s.tart colar mined ram forc.e to releas: the propellant for adiabatic

4J orwrdl cosc~rg to fit betwcen the t:pcrcd tool I0 ign ition.
ihoulder "IK'4- icin the chnrnber to the barrel and In any. event, the. recess in the body section and also -

the tinre fnster~r snou;Jr 42. The col:ir is mde of a the p.u; sction boith are of co.nip!cmentary cylindrical
sititable plastically dorvhemetallic or plastic mate- con urton v) zdapt, thz:ae for frintionnl. retanitial yield-
riaet such. as so't a!unl' rum '535 '0 1 -tn alloy or a readily able under a fcr--a d tt'rst to allow tclcscoping action
consurnabec poiyo*,cfrn such a-, pnlyetylene. Alte'rnately. !5 between the sections for dsC-eCse Of the cavity volume and
the cotinr may be ftirr-cd ine bfy ..s a !-ri readily deC- e Ori oI-- po. L!-ar;e fo:CCftI', thro -h the
formnable ;in iru eet 'vc eindnsg out betw.een the ti-ccuon passaac far re'-uiv' y instantaneous fueling- of the
thr-eads and tlk tapered srou.id. Tbis, li'.-c the mnalleable comrnpre;zi zz.. c~ous'cn chamber.
metal and th,- combust'.ble poytylene. has thle advnntafCe As a safety fa um the cavities 4 and 24 are nearly corn-
oi Leaving- no residual ringin te gun or tool barrel1 after 20 pioetcly fiLd w~ih liquid, leaving insufficient volume un-

firig, illed for na-eoiaturz- acu-bat-- i'nition. in contrast with the
In th: gun dev'ice of FIGURES 5 to 8, shot start and compression cha,.bzr in t.,e firing device where liquid
'in nbre 0i ~ueb r.an"l PTro;clile p,-orci!tant loading is from a-bout 15 percenit to about 45

unt homne to tir.e b-,innmt of t. rLi' ngn 5. b-. is' an% of pc-cent of the iitial volume. The liquid election ram of
the compo-und rifle bo:! 52'ra of v '-aeb has a sbort strole 25 :he bolt preferaLbly has a somezwha t slover stroke than the
for pic'.ing the unit out of a n'aazi'e 53 ai'-d positonin.- adiabatic fir~ng comnpression piston.
iL in gun cbantibcr -4. The boIt, as in th: er 'u" devicz What is etairnad is:
shov.-n in IC-'RS 3, has t.%o coaxial parls, nr'Lv a bolt 1. A firinL 'J-vce for-exricciveiy prolctsirg units of the
ramt 56 slcevcd about an irinzr propcl .rt cornp'e'sson Pis- type dsrbdcornpisin.- a barrel, an axially cxteuding
tea 57. Ttwccrre-s~o~ i -v iaL. to ram 31 a-nd Z3 bolt cpe-rati'-e to eryi-c and rake a flaid-ti:zht seal with
rluntccr 34, iGURE 3. Th'' rain S6 is biz"-d fta--wordly resnerrto cnz enrof sid barr-lsaid bolt cooporsingwith
bv the bolt ccii s7rn M aot rvnfrsrl hn aosiea ip~di a p3sition in. t;,: barrel oppo-
the bolt senr 59, v. hicii is bi'a5ed by ".-r foliorser 0 and s La 'said b to tefiaae a barrael chamrber, a first piston
its sprine 61 ivto enr.aaen.cnt with sear nutch 62. -sd s- mcans inc a ding saidt boft for fzeding anti comp~essing said -

engeared from s:i nciuh4 in refpo-._ i 11 ic opcralion of .1 uraz in sid barrel to sa*d position and to eject liquid pro-
tetri:.:r (not, snovvn). The d!il cn rnnt tben engaes peirt from said unit into an -x;ally cxzending cornpres-

at bet-al II)0i the piston section 3 of the bullet unit and sion cham'ber :miudii'! !;aid belt, said compression chain-
ranis ttc buile!t jocket h ome w bile scalire c7 ths' -un ber be-! foris' d in said b:!rrcl ch.amber., and a second p;s-

chmbr 4 frc-ii the nmonz: ama 3 b%. a sleeve vat e ac- to-in~- i c'in; said boit co4%iajlly mounted with re-
tien as sh-vn In FIG'URE 6. At 'this btag,-, there is 40 sp ct to said irs- piston me-ans anid having rel-ative axial
forried a corn':cssion charabcr 63 in thec tubalor rani be- mov-ement watt r nect to s '. first pistoIn means for re-
tvween tNe bull-ct and thei hea.d E4 of the coirnrcssion pis- ducing the vc!=x of sa-Id compression chamber whereby
ton. Continued 'o-mj-d miotion of the, rait dvscsction the livuid introduLced therein is pressurized to.-cther with

of the bullet fcvadto bicak s-zats 4t 6 zand 9. aind un'ernt a gascous ph-se for ad.-It-c into.
plug; 3 so that the raa~nm'J scion 3 may act as a piston 41 2. The firina cevac. of claimn I wherein the First piston
dirctly zcting on the liciuid pror,%lat to %ut it throus-h means is coaiil~ t"-ouuied about said second piston

aprue no huber G3' hw i IUE6 meanrs and is radpn'd to =e On a prorudin- mtoveable

F-jrthzrtgr action rteeases compress-ion piston 77 to rear end part of a proiz-tik unit.
act on the miixture of liquid arid rais for adiabatic comn- 3. The Pinz deyice of claim I wherein the first piston
pression of the laitter and i..r.ition of the former as shown 30 means is coardatiy mounted wAthin said second piston
in FIGURE 7. mecans and is adap-ted to act on a pIrotruding moveable rear

I'. Tis systemi aIoN ing a close-d breech is admirably suited end part of a projectile unit.
to automatic rccocl.ing b5 "blox-baeck" action of the pro-
pazllin7 tases actin; on both the ra.n and the piston of the References Cited by the Exam'iner
bolt afte.r firing. UNITED STATES PATENTS

En'ry of d~irt is avoidcd since the; systemi ii cloqcd and Z,2,7 9!38 Past -------------------- E9-7
4 ~~~~~~~~requires no outride ports conitinuously opening and clos- ,298751 !'tHbs---------~

ing wiih eachii sot for ejection such as occurs in systenus 2,947,221 3, 63 Gi nir c*. al.--------------S9-7
wing, a carridgeC cas. Cf 3,097,602 7;/63 Turner ---------------- tI-,-39

It will be undcrstund khat the bullet of FIGURES I -

and 2 need not be jackca ed a~d that the front core see- BENJAMIN A. BORCHELT, Printary Examiner.
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1 2
from byrpass;*ng he fcran end of valvc (. A shouldcr 11

3.20.055is formcdl bctween interrmedite guide portion 9 and stem
VALVE SV.I'F.M rFi- CONIIVRME10N I0 Viv 6 is ur:eed onto valve teat 7 by spring 12

IGNITIiON DEVICE acting through a snring retainer 13 which pushes on the
David r'. rutlcr and Glenn R. Dixon, Hadtvn, Conn., end c h va!ve scai 10. Snubber means 14 is mounted-

as~iipnors to Olinj saihieson Chemical C zrporation, a in th valve chamnber 4 to bclte.r and limit the rearward
corporn.t 70" of 1'irrinia

Filed Nor. 1. 1963. "er. No. 320,904 movement cf valve 6 and to retain the valie 6 in its rear-
5 C!,eims. (0. 1.-7) ward 103;tion for a predetermined interval of time. The

snubbei means may comprise a steel disc 1S and a re-
This ialvention 'elate:s to v s svtc-ns suit:ible for use 1o rilie:nt piug 16. The resilient plu-, 16 is mounted in a

in fitcarmis and tocls ro-.%rcd tv adJiabatic cornprv.shtcn tz:.r crtion 17 cf the valse chambr 4 and surrounds
ofi a liquid prope~ant. vulve stzm 10. A metzallic liner 18 may be hated on the

It is known that certain liqujid propellants can be comn- insiruc of tue resiui-nt plop to improve its wearing char-
pressed into a very small volurre and caused to ignite. acteriqtic-. As the valve 6 moves rcarA'ardly. the shoul-
The coniprcssion ignition of 1he rronellan: rroduccs high 15 er It of the valve- cae s ste=l disc 15 and causes the
pressure gases which, if r-oopel> corttro.cId. can be di- re-siiant plug to Lbe coan-prcsd into the conical portion
rected aguinst a pro~ectile or a working r.iston to act as 17 of valve chamber 4. This causes the rcsilient plug 16
the proveling force for the, rrojectile- or bu,,et. to be ccirspresscd and tightly grip valve s~em 10. A barrel

One of the basic essenti-.!s at a successful liudpropel-- chambher 17 has one end 20 cornrnunicatsngz wit;h valve
larit system is 2 valve system which will confine the pro- 20 chamber 4 so that hoct sases are transferred directly from
peillnt. so that a high crot.-h pressure can be obtaiac-d ith- coibustion chianmber to the barrel chamber as soon
to propagate i-gition. Tihe valve must re-main closed as valve 5 is opuncd. A working pision 21 is slidably-
long entough after ignition to ajilow ror the rqcilred prcs- mounted in barrel chambecr 19 and is moved forward in
sure Luildup an~d then orpen for a long cniouah4 inwcrval th, barral chamber V~ by the gas pressure caused by the
to allow the gas nrcssure to be- trnfreJf 'ni the corn- 23 camlJust.ion Of the liqu id propeliant to perform useful
bastion chamit-r to a proccz:e or wc'k.in w riston. worl. lnnrtead of r..sion 21. a projccti!.e such as a bullet

't is therf~ a Aetr oftiivention' to provide a (not shown ) may be positioned in the barrel chamber and
novel valve system for a iqu.id prop.Eited firearm or tool. accclerate-d by the Lot gases of combustion.4It is a furthcr fenture of thii invention to provide a 'Ithe onzration of the abovc described devict, will now-
valve svstera for a liquid propelle! d firzarm or tool w~hich 30 be describcd.
is simple in designs ualadeooia orau A suitable liquid pro-Olant is injiected into the tipper
factu re. end of combustion chamrber 2 by pump means (not

It is a further feature of N'is invention to provide a shown). The coaipression gston 3 is riov ed toward the
valve systeri for a liqi~id progefled firearm or tool %svhich upper end of combustion c .-amber 2 to compress the
is cap-able of deliverng~ gscs at a rredeznried pretsure zsLquid prorpeiiant into a v.r)' small volme on the order
to a work perforraing element cansi ,tently. of .030 cubic inch. As soon as a pres~ ure level on the

it is a furrier feature of this irvzrtion to provide a oreer of 4.D psi. is diroc':d 2&ZinS. tbe Equid proiant
valve system for a liquid rropeciled device which will by meanis of piston 3. iz-naion occurs and --be pressure int
prov.de an effective seal during th~e ccmpre'rion sttoie conabustion chambert " ri.-ei ragi 'v to a rangec of about
while the propellant, is com-i:e-s ed to ign:tion; will ccn- 40 50.000 p.s.i. This prer-sure acts d.rect!y cn the- tapered
tinue to szul gprs as -ekt ni a pred.teriried end 8 of valve 6 through reduced opening- 5. The rres-
pressure is attained; and %iil hen quickly Open wvithmin sure causes valve 6 to rmo,*e off valve seat 7 which im-
a fraction of a second and remain opecn until zill the pres- mediately exposes the entire area at the end of valve 6
sure has been everted ag ainst a projectile or working pi;;- to the pressure thus acczlerating; its rea2rssard motion
ten. 45 aganst spring 12.

These and nthe-r features and -dvanta:es of this inven- The valve 6 i-, moved rearwardly with an arccleration-
tion %rsi1 bccrn one read;! ap o-arenz from the follow- mn the orde-r of 2.5 inilion ft./sesA2 Within a quarter
meg c: taited uezscrir~ion ard Lin..si% in - uhich: of anicho travel, the vatlve builds up an enc.ylee

FIGURE I ii a cut-away sectional view sho-w.r.- one of about 250 ft./tbs. w iich most be controlled b y suitable
embodinirnt of this valve systeni. *50 u'.ubbar means if the valve is to function repes.;edly over

Flr;.UPE 2 i a modified fc-rm of the inverztion showvn a large number of cyc'es. T o control the valve, a snubber
4in FIGURE 1. mecans 14 is provided which may comprisec a mera disc 15

Rzferrinfg now to FIGURE I ef the drawings, a hous- of steel or other suitab!le material and a resilient plug 16
in- generally indicated I is provided. Formed or other- which surrocunds L'= srcm 10 of piston 6. As valve 6
%%ie provided in housing I is a COI-ILstIion chamber 2. 55 mo%:s rearwaualy aga-ist spring 12, shoulder It engages
2. A comnp~es!sicn piston 3 is sha i nounz-.4 in metal disc 15 Lnd Moves disc IS rearwardly against re-
ec,;,busiijon chanmber 2 and is Yroved by means (not -sii rhj; 16. Vie resitlicnt plug 16 is compressed into
!hawn) to"..ard ene end by combustion chamber 2. the tap;ercd portioik 17 of the- valve chamber and moves
Piston 3 comrre~mcs a liquid rropellant which has radially inwardly about valve stem 10 to grip and retain

4been iriucted into comibustion chamb;er 2 1-y pump 60 the valve long enough for the hot gases of combustion to
treans (not shown). The liquid propeilart is compre-ssed ps nob.rtcabr1 n c ntewrigps
into a very small volume at a prcssure suflcient to cause pass 2intioed chmer1nd acohe worksubing s-o
compression ignition, and combustien of the propellant, tonube mean 1o4iions thran. motet f-snubiner of eie
A valve chamber 4 communicates with combti~tion chain- snbemen14ianmorntfcinofydvc.
ber 3 through a reduced opening 5. A valve 6i is mountud 65 Should the valve 6 merely strike a solid surface, it would
for sliding movemerft in valve chamber 4. The for-ard tend to rebound from tie solid surface and close almost
end of valve chamser 4 is bevered to provide a valve seat immnediately, closing off the flow of high pressure gas to

for t conical now. SA of valve 6. The vilvo- 6 corn- the wor! in, ; fi.:n. The trapped gas would Chen expand
prises a forvvaru end 9 which icludes conical nose $A, it- energy i~inst compression piston 3 causing destructive
an intermed ac guide portion 9 of cnlarred diameter, and 70 f-)rces int the systenL. With the snubber means, the valve

rearveardly extending stem p-zrtion 10 of reduced diam- ti is gripped and retained long enough (.005 to .010 see-
etcr. Sealing mans such as 0-rin.-s 53 prevent gases ond) bcfore the valve can return to a fully closed posi-
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tion -to insure 'hat the high pressure gas cives up its While this invention has been deceribed in detail with
energy to the working piston 21. refcnee to certain preferred embodiments, variations in

FIGURE 2 shows another embodiment of the invention. desipn and mechanical modifications are contemplated
Referring now to FIGURE 2, a housing gen.-rally 'ihich are within the spirit and scope of the appended

indicated 30 is provided. A comb'ustion chamber 31 is 5 cairns.
provided in housing 30. A compression piston 32 is slid- What is claimed is:
ably mounted in combustion chamber 31 and is movc 1. In a device actuated by the adiabatic compression
by means (not shown) to compress to ignite' a liquid and ignition of a liquid propellant i-clude a combustion
propellant which has been injected into the upper portion chamber, a barrel chamber, a valve chamber communi-
of combustion chamber 31 by pump means (not shown). lo eating sad combustion chamber with said barrel chamber,
The upper end of combustion chamber 31 communicates a comprcssion piston slidably mounted in said combustion
with a valve chamber 33. Vaive chamber 33 includes chamber, a valve seat formed between said valve eiian:-
a forward portion 34 of reduced diameter, an intermediate bkr and said barrel char bar, a valve slidably mour Lcd in
portion 35 and a rearward tapered portion 36. Mounted Ea:d valve chamber, said valve having a conical nose
in the valve chamber 33 is a valve 37. The valve 37 15 po...on normally positiced against said valve seat seal-
includes a nosc petion 38, an cr,!arged guide portion 39, inc, said barrel chamber from communication with said
and a stem portion 40. The nose porl:on 38 of the valve cc.mbustion chamber, spring means normally urging said
is tapered at 41 and is normally engaged against valve nose portion of said valve into sealing engagement with
seat 42 formed in the forward end of valve chamber 33 sid valve seat, a rearwardly extending stem formed inte-
to provide an effective gas seal. A shoulder 43 is formed 20 gral with said valve, and snubber means mounted in said
on the nose portion 38 between the taper 41 and the en- valve e..nber surrounding said stem operative to buffer
larged guide portion 39. Gas piessure created by the rearward movement of said valve and to retain said valve
combustion of the liquid propeliant acts againt should,:r in an open position for a predetermined interval of time.
43 and moves the valve 31 rearwardly against a spring 45 2. The device of clain I further including an inwardly
and a spring retainer 46 %hich normally urge valve 37 23 tapered portion in said val-,'e chamber, said stem extending
against valhe s;at 42. As soon as valve 37 begins its in:o said tapered portion of said valve chamber, an en-
rearward movement and moves away from valve seat 42, lar-ed guide portion formed on said valve between said
the entire area at the forward end of the valve is exposed nose por:ion and said stem, said snubber means corn-
to 'he gas pressure. This causes valve 37 to be accel- prising a resilient plug positioned between said stem and
crated rearwardly so that guide portion 39 engages 30 the tapered portion of said valve chamber, said resilient
snubber means 47. Snubber means 47 includes a disc 48 plug being operative to buffer the rearward movement of
and a spfit resilient slcexe 49 which surrounds the valve said valve %hen the enlarged guide portion engages the

a stem 40. A major portion of split resilient sleeve 47 p!bg and compresses the plug into the tapered portion of
is pos'tinned in Cie taperec portion 36 of valve chan- the valve chamber and operative to retain the valve in a
ber 33. A split metaliic Ii wcr 50 may be provided be- 35 rearward position for a predetermined interval of time by
twecn stem 40 and sleeve 47 to reducc the effects of compressing inwardly about said stem as the plug is driven
wear on the resilient sleeve. Buffer means 45 functions rearwardly into said tapered portion of said valve chamber.
to buffer and snub valve 36 in the same way as described 3. The device of claim 2 further including a split sleeve
with reference to the embodiment of FIGURE 1. positioned between said stem and said plug, and a disc

A plurality cf sealing rings 38A arc provided to prevent 40 positioned between said enlarged guide portion of said
gases from leakin:z past the nose portion 38 of the valve, valve and said plug.

A ba:rel chamber 51 has one end cow.rnunicating with 4. The device of claim 1 in which said barrel cham-
valve chamber 3. through reduced opennz 52. A work- ber and said piston chamber are axially aligned relative
ing pist )-1 53 or a i,.ojecie such as a bullet (not shown) to one another and said combustion chamber is positioned
may be chambered in the barrel and accelerated by the 45 at an angle relative to said barrel and valve chambers.
hot o- of combustion svt-en valve 37 is opened. 5. The device of Cl3im 1 in which said valve chamber.

The -Trincipal advantage of the FIGURE 2 embodi- said combustion chamber, and said barre! chamber are all
ment resides in the in-line arrangement cf ':se vah and arranged at an angle relative to each other which is less
the barel chamber. Such an arrancement is ,,iore suit- than a straight angle.
able for use in a weapon or tool havin, t ie convsnional 50

arpearance of a firearm. In the FIGURE 2 embodiment, References Cited by the Examiner
the hot gases under pressure act on shoulder 43 to initiate UNITED STATES PATENTS
movement of the valve. In the FIGURE 1 embodiment, 2.1:9,F 9/38 Rost ----------------- 89-7
the gases act dircctiv on the end of mheivalve. It is there- -i e- - - -a..02,242 11/42 Miller 251---64
fore apoarent that in the FIGURE 2 embodiment, the .574,147 11/51 Hobbs ------ 89-7
prob!em of initialiy seating the ,alve is somewhat moic 2.947,221 8/60 Griffin et al------------ 89-7
di ic i.lt since there is a rrob lem of sealing t1 e valve at -,0 -t6,737 ---2--------ad 89 - 7 X

the v;.lve seat 42 and around shculder 43. In the FIG- 3,072,143 1/63 Fieischbacker -------- 251--64X
URE 1 embodiment, gas pressure acts initially only 00 3,074,428 1/63 Mzncewicz 251--64X
against the valve seat 7 and this is the cay area where
a perfect seal is required. FOREIGN PATENTS

Other than the d.Tercnccs noted above, the operation 571,163 8/45 Great Britain 124-I1
of the FIGURE 2 ,.'ice is identical to the operation of
the FIGURE 1 device which has been described in detail c5 EENJAMIN A. BORCHELT, Primary Examiner.
above. SAMUEL W. ENGLE., Examiner.

171

II
aI



--- Juy- 15, 1969 G. R. DIXON ETAL 3,455,202

Filed Jan. 25, 1968 6IUDrorILN-cUTDDVC Sheets-Sheet 1

-IT.

~4. g~_4
4 ~.i'

No

N "IV

Et CN CIO

DAI II~A

fl IA_

AN 0RF



_.July-15, 1969 G. R. DIXON ET AL 3,455,202 *

LIQUID TROrELLANT-ACTUATED DEVICE

Filed Jan. 25. 1968 6 Sheets-Sheet 2

?%--__

- 6

] /I' 'I 1 m .,] / +-9-

*, ' " , ' ,..+ .

, , ,']-It,:, ,.

IAWM
" 1 - -4*;i

GLENN R. DIXON
DA VIP FINDLAY

. . l iFi Il y



* --- JuoI-15, 1969 G. R. DIXON ET AL 3,455,202
LIQUID) PROPrLLAtiT-A TAT ED DEVICE

Filed Jan. 25. 1968 6Set-he

r

if 0

61CN / O

0AVI FIN[I A

11Y &o

A T-roR I



July15s, 1969 G. R. DIXON ET AL 3,455,202
LIQUJID FflOPELLANT-ACTUATED DEVICE

Filed Jan. 25. 1968 6 Sheets-Sheet 4 ~i

; 'Z

0z

+ II

~ K44

DAvID FINDLAY

-fl
AM)HWNfET



July is, 1969 G. R. DIXON ET AL 3,455,202
LIQUID IROPELLANT-ACTUATED DEVICE 

I
Filed Jan. 25, 1968 6 Sheets,'.

I '

4.

_ T I

FF.

GLENN R DIXON

DAVID FINDLAY I .
ATTORNLY



u 5,1969 G. R. DIXON ET AL 3,455,202
LIQUID 1rOELLANT-ACTUATED DEVICE

Filed Jan. 25. 1968 6 Sheets-Sheet f'

f I

I-"

I I IN\F ..)K ,

Ii i,,I °
1T:T )RN'4

II

011

9-1
( t,(1

I I / ~P

rI\ L I

!1 EC .

GLENN R. DI'XON
DAVID FINDLAY

ATTOPINI1Y













THE BDM CORPORATION

U.S. FIRM PATENTS

Patent Number: 2,981,153
Author: E. J. Wilson, Jr., et al
Title: Fuel Injection Device
Date: April 25, 1961

Patent Number: 4,148,245
Author: Robert D. Steffanus, Pittsburg, PA; David R. Anderson, Pittsburg, PA
Title: Fluid Propellant Projectile Firing Device
Date: April 10, 1978

II



i .I,

April 25, 1961 E. J. WILSON, JR., ETA 2r981,153

FUZL INJECTION DEVICE
Filed Nov. 1.4, 1952 2 Sheets-S1heet 1

14 !E1 K; 147

' -z\' \ ,13

521

4 419 20
I-

1216
506 Fg. I

13

//

4 8' S 4 7

27 23

U ~ ~25-Fg.

287~i
4 /// -.; _

2? 26 /

24 29

"W INVENTOP

. . .ii ' i l i ~ l I l Ildli III I I III AI I II



April 25, 1961 E. J. WILSON, JR., ETAL 2,981,153
FT EL INJECTION DEVICE

Filed Ncv. 14, 1952 2 Sheets-Sheet 2

4

4 - Fig. 3

* INVEVTO P4



United States Patent Office 2 P190 S I,9C153
Pa etdApr. 25, 1961

1 2
factor is influential in easing the problem of handling
huge quantities of charge when extremely high muzzle

2,981,153 velocities are desired. Moeoer, the maximum muzzle
velocities obtainable with liquid fuels are greater than

FUEL INJECTION DEVICE 5 for the conventional powder propellants.

Elwood J. Wilson, Jr., and Bernard A. Niemeier, Rich. Prior to this invention liquid powered guns had been
wond, Va., assieuors to Texaco Experiment Incorpo- limited to a single-shot mechanism. Moreover, injec-
rated, a corporation of Virginia tion of the hypergolic components into the combustion

chamber cculd be accomplished only by utilizing the
Fied Nov.14, 1952, Ser. No. 320,438 10 gaseous pressure obtained by firing an auxiliary solid

14 Claims. (Cl. 89-7) propellant ch.rge. This resulted in the loss of many of
the advantages that a liquid system should offer. For
example, the use of liquids implies the elimination of
shell :-sings and attendant cost and handling problems.

This invention relates to improvements in the injection 15 The externally pressurized gin, referred to above, still
of fuel into combustion chambers wherein combustion involved these imnedinmnts. Moreover, it is doubtful
pressure is utilized to inject the fuel into the rombustion whether any effective c-ntrol c€uld be achieved ovcr the
chamber. The invention is particularly useful in the field injection rate and consequent pressure-time relationships
of liquid fuel guns and launchers. in the combustion chamber when injection is dependent

A principal object of the invention is the provision of 20 upon external pressurization. These defects arc over-
improved means for injecting fuel into combustioa come and many more of the potential ad-anta;cs of a
chambers, liquid system are realized by the present invention.

An important object of this invention is to provide The invention may be briefly summarized as compris-
means v. 3ereby all the advantages that should accom- ing the regenerative utilization of combustion pressure
pzny za actu.atzd by Lquid p.:c.p.-ants may be real- 25 ruli.ag from the i ajection rnd reaction of fuels.
ized. In the accompanying drawings which form a part of

Another object of this invention is to provide means this specification:
whereby liquid propellant may be introduced into a gun Fig. I is a cross-sectional view of a 37 mm. liquid
in an almost continuous flow, and automatically and re- fuel gun embodying t. principles of the invention;I peateely be injected into the combustion chamber by 30 Fig. 2 is a fragmentary sectional view of an injector
mear. of a device which utilizes the combustion pressure. unit wherein a vising effect is an inherent function of

A further onject of this invention is to provide a me. ns the mcving piston; and
of fuel injection which is simple and conducive to very Fig. 3 is a cross-sectional view of a liquid fuel gun
rapid rates of fire. Laving a recoilless feature wherein the means for the

Other objects and advantages of the invention will be- 3 5 initiation of the first firing and the means for main'-
come apparent during the course of te following da- nance of subsequent fring are the same.
scription. in which the princi-les of the invention 3:e The basic features of the invention may be observed
more particularly described in their application to liquid in quasi-schematic form by reference to Fig. 1. which
fuel guns. represents a 37 ma. gun. A barrel or tube 4 is affixed

The basic concept of a liquid fuel gun is characterized 40 to a gun block 5 ard a means is provided (not shown)
by its simplicity. Fundamentally, the gun consists of a whereby projectizs may be quickly inserted in the breech
mechanism for proelling projectiles from a tube or bar- end of the block. Convenlional features of this gun such
rel by means of the pre.sure resulting from the combus- as barrel, projectile loader, bree:h, etc., are unre!ated to
aion of a liqu.d oxicizer and a liquid fuel injected into tle protiem of prcpellant injection and the design of
the breech of -.he tube. The liquids employed are usual- 4s these secondary components can take aiy s'.ndard form
ly hypergolic :n nature, i.e. self-igniting, and the desira- depending on the caliber and gun performance desired.
ble combinations are those which yield high tempera- A comoustion cbamber 6 is located in the block and two
ture; upon combustion and whose combustion prducts opposrd piston-cylinder propellant injectors 7 are inserted
possess low molecular weights. As a result of the suc- into side openings commun'cating with the chamber.
cessh, I applicatios of certain bypergolic combinations, 50 The tequired amounts of liquid f-cl hnd oxidant are
hydiogen peroxide and hydrazine for example, it has be- placad in their re'spective injectors. With the gen-ravon
come apparent that the liquid propellznt gun can be vast- of en initial pressure pulse Ln the combustion chamber,
ly superior to the conventional powder actuated gun for in this instance provided by pilot injection of small
e.any military applications. Among the prim.ry advan- amounts of the hypergolic o1raponents by means of a
tUges in the use of liquids instead of double base nitro- 5 mechanical feed 9, the injection cycle is commenced.
cellulose powders for the launching of missiles are the In Fig. 1 the injector is shown with maembers displaced
ability to ac*ieve control over th. buri:..g rate of the in the loaded state consisting of movable pistons 10 hay-
charge, which ultimately results in the elimination of un- ing a large area exposed to the combustion zone and
desirable peak chamber pressures, and to effect a con- designated the combustion face 11. A smaller area ex-
siderable sav ng in guw bulk. In addition, the higher e0 poseo to a metered volume of propellant in chamber 12
propellant impetus possible with some liquid fuels by is idertified as injection face 13. During the loading

b reason of lower molecular weights of the product gas cycle, the reactive liquid enters the injector through the
and greater heats of combustion lowers te cauge to propeiant supply lines 14 which are provided with check
mass ratios for a specific muzzle velocity. This latter ,.lvc. 15 to prevtt revese flow during injectio.

*1
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In the 37 mm. gun herein described, suitable total Hence, the cycles may ' continued indefnlitely and as
combution face areas 11 and total injection face areas rapidly as projectiles can b~e loaded into the breech for
13 ac 66.37 square inches a'id 28.37 square inches, re- injection, and comb.cstion can be accomplished in a
spectively, resulting in an a;ea ratio of the differential matter of Lnillis.conrds. Therefore, by utilizing a differ-
area piston of 2.34. The areas arc selected to provide 5 ential-area vis on to translate a relatively low pressure
an optimum injection rate for a desired pressure-timj re- into a very high injection pressure, a method has been
lationship in the chamber, taking into account the in- devised whereay the combustion pressure itself can Ie
crease in chamber volume du'ring injection by reason of employed for the injection of the reactants, and a gun
the outmard motion of the pistons and motion or the has been o-ovided which can exploit the advantagcs that
,roje.ctile along the barrel. Not only is the sicction of 10 a liquid system should offer.

the area ratio governed by considerations of a desired An injectcr dependent upon a differential-area p-ston
pressure-timet curve but selection of the other features mr:y be termed a "self-crcrgizing" or "rcgenerative" in-
of the injector is also governed by that factor. jector. Obviously a lirga number of designs and com-

As indicated previously, the ejection stroke is initiated ponec, a:rangements are possible. There may be more
by the presence of compre.sed gas in the combustizia 15 than orc injector pair used in the operat:on of the gun.
chamber obtained by bringing together small quautitcs Similarly, a single injector my be used provided suitable
of the propellants with an auxiliary mechanical iced. liquid mosofueis are available. It makes no difference
TaS pressure acting against the combustion face of the whether the injecto)r units are opposed, coupled, concen-
piston results in a pressure bild-up in the %one of the trio, or otherwise d-played as long as appropriate dif-
metered volume of propellant in accordance with the 20 .:renal-za-ea pistons are employed in accordance with
area ratio of the combustion face to the smaller injec- tae ;,tenti'm.
tion face. Thus, the differential-area piston serves to -As alternative form of injector unit is depicted in Fig.
generate an injection pressure always proportionately 2. Ths example is only one of a ruml er of possible
higher than the combustion chamber pressure. Flow zonfigurations whereby the piston itself cz.n be made to
of propellant through orifices 16 and into the combustion 2.5 perform a valving and metering functior. This effect
chamber will occur when the injection pressure is suf- may bc obtained by tapering both the cylindei walls 22
I-c - ." great to actuate the poppet valve: 17. Combus- a;,d the piston bead 13 as is shown in Fig. 2 By suit-
tion of the injected propeiants, which eventually reaches ably shaping the tapered sections, vigorous mi.ajg ol the
its climax in the launching of the missile, !s reflected in propellant components and desireo rates of injection may
even greater chamber and injection pressures, so that the 30 be insured.
injection rate increses during the injection ctroke in ac. Propellant is mctered into the metered volume chaim-

* cordance with the increase in ',ressure difierendial be- er .4 through conduit 25 in quantities insufficient to
tween the combustion chamber and the metcred volume interfere with the proper jisplacement of the piston 26.
chamber. This phenomenon is a regenrati, e or self- A suitable pressure is maintained on the pision by means
energizing injection. The poppet valves 17 are main- $, of compressed gas supplied to chamber .7 through con-
tained under pressure by means of pressurized gas sup- dt' 28. A the piston is displaced by rising combustion
plied to chambers 18 through conduits (not shown) ter- chamber pressures, the rim of the pis-on bead and the
mnatin, at out!,.a 18'. tapered cylinder walls form a variabie area orifice which

A desirable pressure-time relationshlip in the combus- grows larger with rising combusfton chamber pressures.
tion chamber is dependent upon the rate of injection 40 It should be noted that when the injector is in a loaded
which in turn is dependent uron many variables such state, a line contact sealing effect is obtained at 29.
as area ratio, orifice size, valve control, etc. A ds-sir- This is one of the most satisfactory of the scaling effects.
able pressure-time relationship is chanicterized by the The iniliation and the maintenance of the bring cycles
absence of sharp peak pres::ercs in the combustion cham- of the gun may be accomplished in various ways. It is
ber which are associated with inefficient acce!eration cf 45 to be noted at this pirt that although the initiation of
the projectile. A maximum muzzle velocity is obtained the firing cycle and the initiation of injector ;:tion are
for a given amount of charge when the area under the one and the same, the maintenance of the firing cycles
pressure time curve is maximum. Therefoie, when corn- and the sustaining of injector action should be clearly
paring powder with liquids, in addition to the advantage distinguished. The fo!lawing account dea-s with initi-
gained in a liquid gun because of the high propellant 60 ation and maintenance oi firing cycles.
impetus possibie with liquid fuels, the control of pres- Fig. 1 illustrates the method of first initiating the fir-
sure-time relationships in the combustion chamber also ing from an external pressure source and th-reafter main-
results in contributing to higher muzzle velocities for any taiL'ing it by the return of part of the pressuri-ed com-
Ziven charge-mass ratio. Comparison &, the ballistic bus;:on gras. Fig. 3 illustrates a form of the n.ention
efficiency of liquid and powder actuated guns leaves no 55 %hczein the means for initiation and maintenance of the
doubt of the superiority of the former. fii ig cycles arm the same. In Fig. 3 tht :ctvatng pres-

The reloading stroke is now automatically commenced sure is obtained from an external source of pressure gas
when the injection pressure falls to a pre-dcterniined through conduit 30. This source may be as portable as
value at the end of the firing, closing the popr-t valves, the gun itse".f, and imr':es repeated pilot injection. This
An excess of propellant Zupply line pressure over the so can also be accomplisted by the repeated piot injec-ion
pressure in :he metered volune chamber opens the sup- of small quantities of hypergoiic components by a me-
:)l1 check valves permitting propellant to flow into the chanical feed. Repeated pilot injection results in the
system accompanied by the return of the movable piston elimination of the need of means fcr c2ptaing the co.n-
to its original (loaded) position. Simultaneously with burtion gas after firing. Another , tethod of iriti-ting
the comp',tion of a firing cycle, a new projectile is placed 65 and maintaining the firing by a single memnn consists
in the breec:h by devices not shown and the cycle may be in placihg a squib ot the base of the projectile and firing
repeated by the re-introduction into the combustion chain- it by electrical meae.
ber of part of the combustion gas from the barrel. This Fig. 3 also illustrates a recolless fi ture which is very
may be accomplished, for example, by having part of desirable for specific military applicat; )is. The recoillem
the combu.tion gas in the barrel stored .-der pressure in TO effect is obtained by pmviding a pas,-g,. 31 conne.ning
line 19 when a check valve 20 at the entrance of the the combution ch=mber wivh the atrieetqI cre. A valve
line is opened. When the injector is loaded and the 32 is inserted where this pamS-age opens ic.,, the combus-
projectile is inserted in the gun, a control valve 21 is tion zone. This valve is so constructed tnat it will open
opened elecuically or by some other suitable means and at a predetermined pressre and Illow the release Of
the gas is introduced into the embastion chamber. s eao-gb combustion gas to effectively eli.nate recoiL
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Ilk 6
TLe remaining features of the gun of Fig. 3 arc sins- of &-e catalyst. Other forms of excitation to initiate the

iuar to the gun shown in Fig. 1 except for the elimination explosive decomposition of the monofuel can be pro-
cf line 19 for the return of combustion gas from, the vided by electrical means or beat, :herby reducing the
,ia-.el to the combustion chamber. injector unit to one injector.

Ant exicasive series of f rirrgs of guns embodying the 5 We claim:
princiul!es of the invention has shown that the many act- I. A liquid fuel gun comprising a combustion chain-
vant..pes which should be obtninied iri a liquid fuel tun bar., a fuel chamnber, a differential area piston transmit-
are realized in t1.a guns of the invention. With a 37 myn. tin-, pressure from thie combustinn chamber to the fuel
Fun embodyin-g the invenitiort, the maxim um mu7.zle ye- chamber to effect injection of fuel from the fuel chamber
it-zity obtained amounted to. 5450 feet per second with 10 into the combustion chamber, and valve means between
a 73cak combustion ;hamber pri ssure of 24.000 pounds the- fuel chamber and the combustion chamber normally

prsquare inch and a procellant to projectile mass ratio urged into closed position and actuated into open posi-
of 5.10. For mass ratios in the range of 1.5, mnaximulm tion by movement of the di~ercntial area piston in re-
veiacities exceeded nitro-ceillo.e values by ns much as sporisc to pressure in the combustion chamtaer.
tvnruly percent, at ComperalIte 3r low.er chamber pres- 15 2. A liquid fuel gun as defilied in claim 1 wherein the
ures. Othecr designs operatinge on similar principles have valve mecans is provided by contact of the differential
attained velocities as high a-. 6503 feet per second at area piston with a tapered wall of thc fuel cham~ber.
substantially lower peak pressures than is the case for 3. A liquid fuel jun as defined in claim I wherein
nitr-cellulose powder the vzive means is positioned -in an orifice in the df-

The traJitional struggle of ballIisti"c personnel to pre- 20 fererntial area piston providing communication between
vent loss of the energy present in ihe charge and to ob- the fuel cha-mber and the combustion chamber.
tamn lower charge to mass ratios for any given muzzle 4. A liquid fuel gun comprising a combustion chain-
velocity has finally becn iuccessfully resolved by' the ap- ber, a fuel chamber. a differential rea piston positicned

ilcton of this invention. Controlled rate of pressure beeethfulcabrndheom sincabr
g.eieration by control over propellant injection as herein 2.5 transmitting pressure from the cornbustion chamber to2

m esocribed makes this possible. the fuel chambei, and pressure me irs actin.- on a face
This invention makes possible many improvemnents in of said differential area piston to urge said piston into

Mfe mobility and the handling of certain weapons, in the contact with a tapered %all of tie fuel chamber to close
5tora-,e and t7rznfer cf amriaunitkion, as well as in the communication between the filel chamber and the comn-
dtsign of military vehick.-s and planes. The elimination CO bustion chamber at combustion chan-ber pressures below
of high peak pre-.ures in the ccombustion chamber per- a predetermined amo-ant.

mits th-e redur-:lcn of gun weight. Because cornparabie S. A liquid fuel gun comp-asing a combustion chiain
velocities may be obtained at lower charge to mass ratios, ber, a fuel chamber, 2t differential area piston positioned
tesss propejiant and cham'ber voiumne is required, result- between the fuel chamber and the combustion chamber
ing in shorter gun iength. Furthermore, superfluous 35 transmizting pressure from the combustion chamber to
-eicht and buik in the form ot cartrij,-e cases and case the focI chamber, said piston havinz an orifice providing
extractors may be tiliminated and a corresponding say-- communication between the fuel chamber and the comn-
.ngs in space airorded. This witl completely revolution- ;ius:cn chamber, vLdve means in said orifice, c.;J pres-
ize tank design for the shape of the tank tIurrent is de- sure means urging said Valve rneans into closed position
pendcot upon the siz~e of the shell that must be manipa- 40 at combustion chamber presseres below a pre...eterrasined
lated therein. W~ei zht and space considerations are Piso amount.
of great importance in fighter aircraft carrying rapid fire 6. A liquid fuel gun as defined in c~aim I mncluding
guns. Propellant can now be stored ir. tanks initc.rally means supp!ying compressed gas to the combustion chain-
rnolded into the designo n ln n o eesrl ber to initiate movement of the piston.
near the guns. By st'ch ;n a-rangement, a maximum 45 7. A liquid fuel gun as defined in claim I including
of room may be obtained from the meaqer available valve-con-rolled means supplying compressedA ,as t-3 The
space of aircraft. combustion chamber to initiate mnovement of ihe pistcn.

This inve-nt;ion will also yield great advarn'ages in amn- 8. A liqttid fuel gun as defined in claim I including
munition storagec and transfer, to the gun. On the field means to return a portion of the combustion gases from
the ama-unition can be sccretcd in rernz.te and protected 50 the barrel of the gun to the combustion chamber.
rcPations and piped to the battle front. Pipelinle pro- 9. A liquid fuel Zun as defined in claim I including
.elant transfer to the gun itself, rather than by the vuse valveotrlicd means to return a portion of the corn-
4of conveyer belts is most conducive to high rates of bustion eases from the barrel of the gun to the com-
rmletitive fre bostion chamnher.

1is to be Lndersto.ad that the farms of the invention, -55 10. A liquid fuel gun as defined in cl-.im I including
herewith ihos; n and described, are to ba taken only as means suppylng compressed gas to the combustion chain-
illostrative ex.mples. and that various chanlges in shape. bar to initiate movement of the piston and means to re-
size, and arrancementr of parts may be resorted to witiO- turn a portion of the combustion gases from the tarrel
out departing from tho spirit of the invention and the of the gun :o the combustion chamber to reactivate tha
scope of the clvims. Staged injection maiy be af~o-ded 00 piston.
by providing a plurality of spaced injector units along 11. A liquid fuel gun as defired in clairn I including
the gun barrel. I'ropellant-carrying projectiles wherein a fuel reservoir an(' a cheek-valve-cosztrolled conduit con-
the injector unit v Xe propclant is housed in a shell be- necting the fuel reservoir and the fuel chairber.
hind the proi-cuile are pessible. A liquid gun designed 12. A liquid fuel gun as defined in claim I including
on the prinziples herein descr-ibed may be tititized in 65 mneons for injeccting a minor portion of propellant into
launchin.- guided missiles or man-driven aircraft. The the combutston chamber to initiate mevetnent of the
invention may be prac iced by using a monopropellant piston.
such a; nitrormethnne, I ydrogen peroxide, htmdrazine, cth- 13. A liquid fuel gun as defined in claim I including
ylerne v.;ide, ;acetyle-ne, and mcthyl acetylene. The cner- means defining a passage cannecting the combustion
getic decontrosittop of the ,metiofuel can be initiate-I by 70 chamber to the atinosphee and valve means in said pas-
a catalyst, suich as pcrmariganat- solution in the cwze ef sage opering at a predetermined cotoibtstion chamber
hydrog-n perodide. Although the problem of injecting pressure.

B two licuoids will stilt exist, only a iew cubic centimeters 14. A firearm comprisitng a breecL cirsirg, a barrel af-
of catalyst v.'ould be required in stich a case and there Ited to said casing, a combuetion cihrnber formed in said

would ~ no problem of controlling the injection rate 75 casiz; and communicating with sui bared, a Plurality-
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of ralial bores extendin outw'rdly fiom sid combus- supply sald reactants under progressively increasing pres-
tion Lhamber to the periphery cf said c.,sig, a piur-lity- --- sur and rate of flow to said combustion charnber.
of hollow inilector pistons having a closed end adjacent References Cited in the file of this patent
-a'd combust,on chamber and slidable v.ihin said bores,
a plurality of hollow bosses fitting said bores and hay. 5 UNITED STATES PATENTS
ing a circumaerertially reduced portion extending within 2,059,005 Lane Oct. 27, 1936
the open end of said pistons. said bosses conducting a pre- 2,129.875 Rost Sept. 13, 1938
determined volume of hypergolic reactants to the interior 2,365,624 Cantello Dec. 19, 1944
of said pistons. an orifi:. in tae closed nd of said pistons,
said c€ased end of said pistons bay'ing a large area ex- IC
Foxed 'o said combustion chambe ann: a smaller area ex- 560,813 Great Britain ------- Apr. 21, 1944

posed! to the said reactants whereby said injector pistons 1,003,687 France ----- Nov. 21, 1951
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of the detailed description of a preferred embodiment
FLUID PROPELLANT PROJECTILE FIRING which follows.

DEVICE
BACKGROUND OF THE INVENTION SUMMARY OF THE INVENTION

1. Field of the Invention 5 In accordance with the invention, a projectile firing
The invention relates to devices for firing projectiles device includes control means responsive to pressure in

and more particularly to such devices utilizing a fluid a firing chamber below a predetermined value, to ar propellant, sliding bolt in the breechblock being closed and to a
2. Prior Art charging signal, for opening a valve to permit the flow
Conventional projectile firing weapon systems utilize t0 of a pressurized fluid propellant into the firing chamber

a measured amount of solid propellant confined in a and for closing the valve and enabling electrical trigger-
shell or cartridge casing capped by the projectile and ing means when the pressure reaches the predetermined
are fired by a percussion cap or primer. The casings, pressure. The electrical triggering means ignites the
which are normally brass, make such ammunition ex- propellant to drive a projectile down the barrel of the
pensive and heavy to carry and therefore a good deal of 15 device. Suitably, the charging signal may be generated
effort has been expended lately on developing caseless by initial movement of the trigger such that the propel-
ammunition in which the solid propellant is attached lant is charged into the firing chamber just prior to
directly to the projectile without a casing. This arrange- ignition and therefore does not have the opportunity to
ment has its own special problems, such as the develop- bleed off. The velocity of the projectile may be varied
ment of a propellant which is resistant to chipping and 20 by adjusting the predetermined pressure to which the
cracking when used in automatic weapons and under firing chamber is charged.
normal field conditions. Some of these weapons utilize In the preferred embodiment of the invention, gases
the heat generated by rapid compression of air to ignite generated by ignition of the propellant are utilized to
the solid propellant while others rely upon impact igni- drive the bolt open as the projectile proceeds down the
tion. 25 barrel. As the bolt is returned to the closed position by

Several types of fluid operated weapons which inher- biasing means, a projectile is fed into the barrel from a
ently eliminate the need for a casing have also been magazine. When there are no projectiles remaining in
proposed. In some, such as those disclosed in U.S. Pat. the magazine as the bolt returns to the closed position,
Nos. 1,383,111 and 3,728,937, a spark or glow plug means are provided to prevent the control means from
ignites the fluid propellant. In U.S. Pat. No. 2,947,221 30 operating the valve to recharge the firing chamber with
compression ignition of the liquid propellant is utilized propellant. This means may take the form of a device
to fire the weapon. These prior art weapons for the which prevents the bolt from closing all the way. In the
most part rely upon mechanical devices for charging embodiment disclosed, an injector finger pivoted to the
the fluid propellant into the firing chamber. In U.S. Pat. bolt is biased outwardly where it engages a recess in the
No. 3,728,937, the operator manually strikt .. _e button 35 rear of the projectile to urge it from the magazine into
to admit butane and another to admit oxygen to the the barrel. The injector finger pivots with the move-
firing chamber after the projectile has been inserted meat of the projectile into the barrel to permit the bolt
and the bolt closed manually. In U.S. Pat. No. to fully close. However, when no projectiles remain in
1,383,111 a pump action is used to charge the firing the magazine, the injector finger remains outwardly
chamber and in U.S. Pat. No. 3,800,657 the liquid 40 biased and prevents full closure of the bolt.
propellant is charged into the firing chamber from The device may include mode means selectable to a
dosing chambers by pistons. U.S. Pat. No. 3,255,669 semi-automatic condition to prevent the control means
suggests that a gaseous propellant be confined in a from recharging the firing chamber with propellant
detonation chamber which is separated from the barrel following ignition of the propellant until the trigger is
and the projectile by a valve until the trigger is pulled 45 rele_.ied and reactuated and selectable to an automatic
and the gas is ignited in order to maintain the gas condition to permit the control means to operate the
pressure. valve to repeatedly recharge the firing chamber with

Automatic weapons in which a portion of the gases propellant and to enable the electrical triggering means
which drive the bullet down the barrel are vented back to ignite each new charge of propellant as long as the
to cycle the bolt and reload another cartridge from a 50 trigger remains actuated. The selectable mode means
magazine are well known. These weapons often pro- may include means when in the automatic condition to
vide a semi-automatic mode in which the trigger must actuate electrical means to ignite propellant in the firing
be released and resqueezed to fire the next cartridge and chamber when the trigger is released and the pressure in
a fully automatic mode in which cartridges are loaded the firing chamber is above the preset pressure. This
and fired continuously as long as the trigger is squeezed. 55 clears the last round out of the firing chamber at the
Weapons of this sort are available for both cased and termination of automatic fire. The selectable mode
caseleas ammunition. While most of these weapons have means may also include means when in the automatic
a fixed rate of fire, it has been suggested that the rate of condition to generate an adjustable time delay which
fire may be varied by adjusting the bleed rate of a pneu- controls operation of the trigger enabling means to
matic cylinder connected in the mechanical mechanism. 60 adjust the rate of fire. In the disclosed device, the time

It is an object of the present invention to provide an delay means is responsive to the pressure in the firing
improved projectile firing device using a fluid propel- chamber and delays ignition of the propellant for the
lant which is simple in design, easily constructed and adjustable time interval after the pressure reaches the
serviced and is dependable. It is also an object of this preset value.
invention to provide such a device which is capable of 65 BRIEF DESCRIPTION O THE DRAWINGS
automatic or semi-automatic operation and in which the
muzzle velocity and rate of fire are adjustable. Other FIG. 1 is a side elevation view partially in section of
objects of the invention will be apparent from a reading a rifle embodying the invention;

! I .- - u 'm na -1 ..
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FIG. 2 is a schematic representation of a section in the bore 55 in the barrel I directs gases generated by

through the breechblock of the rifle of FIG. 1; ignition of the propellant back to the blow back chain-
FIG. 3 is a vertical view of the breech end of the ber 51 as the projectile proceeds down the bore 55.

barrel of the rifle of FIG. 1; These gases then drive the bolt toward the open posi-
FIG. 4 is an enlarged vertical view, partially in sec- 5 tion (the left as seen in FIG. 2) until the relief port 57 is

tion, of an injector finger of the rifle of FIG. I showing uncovered and the gases escape to the atmosphere. A
how it seats in the recess of a projectile; and large coil spring 58, surrounding the bolt and bearing

FIG. 5 is a schematic diagram of a circuit suitable for against a shoulder 4 in the breechblock 3 and an annular
operating the rifle of FIG. I in accordance with the flange 59 on the bolt, is compressed as the bolt is driven
principles of the invention. 10 to the open position by the blow back gases and then

DESCRIPTION OF THE PREFERRED biases the bolt toward the closed position as the gases
EMBODIMENT are relieved through the relief port 57. An annular seal-

ing ring 61 on the face of the enlarged end portion 49 of
The invention will be described as applied to a rifle as the bolt seats in a mating annular recess 63 in the shoul-

shown in FIG. I having a barrel 1, a breechblock 3 and 15 der 4 of the breechblock as the bolt closes.
a stock 5. The butt plate 7 of the stock is pivotally The forward end 65 of the bolt 45 is also provided
mounted to cover a recess 9 in the shoulder portion of with an annular ring 67 on the face thereof which seats
the stock which receives a removable pressure bottle 11 with a mating annular recess 69 in the barrel 1 to form
containing pressurized fluid propellant for the weapon. a gas tight seal as the bolt closes. The bolt 45 may also
The pressure bottle is locked into a receiver 13 and is 20 be opened manually by the knurled lever 46 shown in
connected by a conduit 15 through a pressure regulator FIG. 1. When the lever is released, the spring 58 drives
17, a solenoid vavle 19, a check valve 21 and pressure the bolt to the closed position. The forward end of the
switch 23 to the breechblock 3. bolt also carries an injector finger 71 pivotally mounted

The pressure regulator 17 is provided with a gauge on a boss 73. As best seen in FIG. 4, the injector finger
which is mounted to give a visual indication of the 25 71 comprises two telescoping sections 75 and 77 biased
pressure and, therefore indirectly, the amount of fluid to the extended position by an internal spring 79. The
propellant in the pressure bottle 11. The regulator also injector finger 71 is biased downward and outward in
supplies fluid propellant through the conduit 15 at a the path of the closing bolt by a spring 81.
preset but adjustable pressure. The solenoid valve 19 As the bolt is driven in the closing direction, the
controls the flow of pressurized propellant through the 30 downward biased injector finger 71 enters the recess 83
conduit 15 as directed by a control circuit to be de- in the rear of the top projectile 85 in the magazine 43
scribed below. The solenoid is retained in place in a and urges the projectile forward and up a relieved por-
bore in the stock by a water tight screw cap 25. tion 87 in the bottom center of the barrel into the bore

The check valve 21, which may suitably be a spring 55. A hood 88 over the top of the bore assists in seating
biased ball type, permits flow of pressurized fluid from 35 the projectile in the bore. The bore 55 is countersunk
the pressure bottle 11 to the breechblock 3 but prevents slightly to form a shoulder 89 against which a collar 91
back flow when the weapon is fired. The pressure on the projectile seats. The projectile is cast with a
switch 23 operates two sets of contacts in the control flashing 93 on the rear which serves as a seal for the
circuit to be discussed below when the pressure in the forward end of the firing chamber 95 formed by the
last portion of the line 15 and therefore in the breech- 40 bore in the hollow bolt 45, the end of the barrel I and
block 3 is above a preset value. The pressure at which the closed end of the breechblock 3. The spring biased
the pressure switch is actuated may be adjusted by a injector finger 71 retains the projectile in sealing en-
knob on the switch (not shown) which protrudes gagement with the end of the barrel until the weapon is
through the stock 5. fired. As the bolt 45 closes, a projection 97 on the un-

A pistol grip 27 on the stock 5 houses a battery 29 45 derside of the bolt which assists the injector finger 71 in
which may be tested by pressing the test button 31 and inserting the projectile 85 into the bore 55, actuates a
observing the level of charge on the gauge 33. The bolt closed switch 99 to prepare circuits discussed
trigger 35 is pivotally mounted in front of the pistol grip below for the introduction of the propellant into the
27 and is protected by a guard 37. The control circuitry firing chamber 95. The pressurized fluid propellant
39 is removably mounted in a compartment in the Stock 50 when introduced into the firing chamber 95 through the
adjacent the trigger 35 and an "OFF - SEMI-AUTO" conduit 15 also bears against the rear of the projectile 85
mode switch 41 is mounted adjacent the compartment and retains it in place. Upon actuation of the trigger 35,
for the control circuit 39. A magazine 43 which can the pressurized propellant in the firing chamber 95 is
hold a supply of projectiles for feeding one at a time into ignited by the spark plug 101 through circuitry to be
the barrel is inserted through the underside of the stock 55 described below. The explosive ignition of the propel-
into the breechblock 3. lant drives the projectile 85 down the bore 55 of the

FIG. 2 is a schematic represeraion of i section barrel. The flashing 93 on the projectile 85 collapses
through the breechblock 3 and the end of the barrel 1. under the tremendous forces generated, however, the
A hollow bolt 45 is received in an axial bore 47 in the collar 91 on the projectile forms a gas tight seal with the
breechblock 3 and is slidable between an open position 60 tapered bore 55 and thereby permits the generation of a
wherein the bolt is moved all the way to the left, as very high muzzle velocity.
shown in FIG. 2, and a closed position in which the bolt FIG. 5 illustrates a suitable circuit for operation of
moves to the right to seat against the end of the barrel the disclosed projectile ruing device. The battery 29,
1. The end portion 49 of the bolt received in the breech- which may be tested by pressing the push button 31 to
block 3 is larger in diameter than the remainder of the 65 give a visual indication on gauge 33 of the state of the
bolt such that an annular blow back chamber S1 is battery charge, is connected through the mode switch
formed between the bolt and the breechblock 3. A blow 41 to a lead 103. The mode switch 41 comprises four
back line 53 which is connected to a point (not shown) ganged three position switches 41 "a" through "d" each
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having a "semi" position, and an "auto" position and an input of AND 111 to go high. The A input is already
inoperative "off" position. The lead 103 is connected, high due to the signal applied through the bolt closed
through the normally open contacts of bolt closed switch 99. When the operator depresses the trigger all
switch 99, a normally closed set of contacts 23a on the way, the switch 3Sb is transferred to the TRIGGER
pressure switch 23 and a trigger actuated switch 35 to 5 2 position which applies a pulse through capacitor 123
either the K input of a J-K flip-flop 105 or one input of to turn on AND 111 thereby energizing the spark plug
AND gate 107. The switch 99 is closed when the bolt is 101 and igniting the propellant. At the same time, a
in the fully closed position. The contacts 23a of pressure signal is applied to the J input of flip-flop 105 to cause
switch 23 are closed when the pressure in the firing the output to go low and prevent turn on of AND 107
chamber 95 is below the preset value and open above 10 as the pressure in the fring chamber decreases and
that pressure. The switch 35a is actuated by the trigger contacts 23a reclose following discharge of the projec-
35 and remains in the RESET position as shown in FIG. tile from the barrel.
5 when the trigger is unactuated but transfers to the As the projectile proceeds down the barrel under the
TRIGGER I position upon initial squeezing of the urging of the gases generated by ignition of the propel-
triger and remains in this position until the trigger is 15 lant, a portion of these gases enter the conduit 53 and
completely released. are fed back to the blow back chamber 51 where they

AND gate 107, when turned on by the TRIGGER 1 drive the bolt rearward thereby operting bolt switch 99.
output of switch 35a and the B output of flip-flop 105, As the bolt reaches the fully open position, the blow
energizes the coil 19c of solenoid valve 19 through back gases are relieved through relief port 57 and the
driver 109 and when turned off enables AND gate 111 20 spring 58 drives the bolt 45 forward again to transfer
through inverter 113. AND gate 111 when turned on another projectile 85 from the magazine 43 to the bore
generates a firing pulse for spark plug 101 through 55.
driver 115 and high voltage transfer 117. AND gate 111 With the mode switch 41 in the SEMI position, the
is turned on by a signal applied to the A input when the firing chamber cannot be recharged with propellant
bolt switch 99 is closed, a signal apt, Fed to the B input 25 even though both switch 99 and contacts 23a reclose,
through switch 41b when the pressure in the firing unless the trigger is fully released to return the switch
chamber is above the present valve so that the contacts 35a to the reset position to again set the output of flip-
23b of pressure switch 23 are closed either directly flop 105 high. This ensures that only one projectile may
when switch 41b is in the SEMI position or through be fired with each squeeze of the trigger in the SEMI
variable DELAY LINE 119 when switch 41b is in the 30 mode. However, by releasing and resqueezing the trig-
AUTO position, and by a signal applied to input C ger, all of the projectiles in the magazine can be fired
either through switches 35b and 41d in either the one after the other. When no more projectiles 85 remain
AUTO or SEMI modes, or, alternately in the AUTO in the magazine, the downwardly biased injector finger
mode, by the output of AND gate 121. Switch 35b is in 71 will prevent full closure of the bolt 45 following
the TRIGGER 2 position to apply the required signal 35 firing of the last round and therefore the bolt close
only when the trigger 35 is fully depressed. When switch 99 will remain open. With this switch open, it
switch 41d is in the SEMI position, a pulse is applied to can be seen from the circuit of FIG. 5 that propellant

F input C of AND 111 through capacitor 123. AND 121 cannot be introduced into the firing chamber. This fea-
is turned on by a signal applied to its A input when the ture prevents depletion of propellant through the bore
bolt switch 99 is closed and a signal applied to the B 40 in the barrel when it is not plugged with a projectile.
input from switch 41b. AND 121 only supplies an acti- When the mode switch 41 is placed in the AUTO
vating signal to AND 111 when the switch 41c is in position, the fring chamber 95 is initially charged with
AUTO. propellant in the manner described above as the trigger

The above described device operates in the following 35 moves out of the rest position. AND Ill is also
manner. It will be assumed first that the mode switch 41 45 enabled by inverter 113 when the firing chamber is fully
is turned to the SEMI position. The operator pulls the charged as in the SEMI mode. In addition, the bolt
lever 46 to slide the bolt 45 rearward and releases it so closed switch 99 causes input A of AND 111 to go high.
that the spring 58 drives the bolt toward the closed However, input B of AND 111 only goes high a prede-
position. As the bolt 45 moves forward the injector termined time interval after the firing chamber 95 is
finger 71 slides a projectile 85 from the magafine 43 into 50 charged and pressure switch contacts 23b close because
the bore 55 in the barrel. As the bolt reaches the fully switch 41b now introduces delay line 119 into the cir-
closed position, the bolt switch 99 is closed which ap- cuit. This time delay may be set at any desired interval
plies a signal to the K input of flip-flop 105 to insure that to vary the rate of fire in the AUTO mode. An adjust-
the flip-flop output is high. ment knob can be provided on the delay circuit for this

When the operator begins to pull the trigger 35, 55 purpose. As the trigger is fully squeezed, switch 35b
switch 35a transfers to the TRIGGER I position goes to TRIGGER 2 tr apply a signal to the C input of
thereby turning on AND 107 which in turn energizes AND 111 through switch 41d and the spark plug 101 is
solenoid valve 19. As solenoid valve 19 opens, pressur- fired. The projectile 85 is driven down the barrel and
ized propellant flows from the bottle 11 through con- the bolt recycles to load another projectile into the
duit 15 to the firing chamber 95. While the firing chain- 60 barrel in the same manner as in the SEMI mode.
her is being charged with propellant, the inverter 113 With the trigger 35 held in the TRIGGER 2 position
disables AND Ill so that the spark plug 101 cannot be and the mode switch in AUTO, a continuous high sig-
energized to ignite the propellant pre': turely. When nal is applied to the C input of AND 111. However,
the pressure in the firing chamber 95 reaches the preset when the bolt switch 99 recloses and AND 107 turns on
value, pressure switch 23 is actuated to open contacts 65 to recharge the firing chamber with propellant, inverter
23a thereby turning off AND 107 which deenergnzes 113 disables AND 111. Even when the firing chamber is

* solenoid 19 and enables AND 111. At the same time the recharged and pressure switch 23b closes, AND 111 is
contacts 23b of the pressure switch close to cause the B not turned on to ignite the propellant until the preset
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time delay set by delay line 119 again expires Thus as cally ignite the propellant in the firing chamber,
long as the trigger 35 remains actuated, the projectiles and means for enabling said electrical means;
will be propelled down the barrel automatically one means for generating a charging signal; and
after the other at intervals determined by the delay line control means responsive to pressure in the firing
119. When the trigger is released in AUTO, AND 121 5 chamber below a predetermined value, said bolt
will still cause the C input of AND 111 to go high to being in the closed position and said charging sig-
send a firing signal to the spark plug 101. However, nal, to open said valve means to permit flow of the
with the trigger released, the A input to AND 107 will pressurized propellant from said source into the
not go high when the bolt closes after ruing the last firing chamber, and further responsive to pressure
round, and therefore the fring chamber will not be 10 in the firing chamber above said predetermined
recharged with propellant. This feature assures that the value to close said valve means and activate said
firing chamber does not remain charged with propellant enabling means,
after the trigger is released in the automatic mode. As in whereby generation of said charging signal with the
the case of the semi-automatic mode, when no more bolt closed, charges said firing chamber with pro-
projectiles remain in the magazine as the bolt moves i5 pellant and actuation of said trigger electrically
forward, it is prevented from fully closing and actuating ignites the propellant to drive the projectile down
the bolt closed switch 99 by the downwardly biased the barrel.
injection finger 71. If desired, other means could be 2. The apparatus of claim 1 wherein said charging
used to assure that propellant is not introduced into the signal generating means is connected to said trigger and
fring chamber when no projectile is inserted in the bore 20 generates said charging signal upon initial movement of
to form a seal. the trigger.

Suitable propellants could be either gases or liquids at 3. The device of claim 1 including adjustable pressure
standard temperature and pressure. The propellant regulating means in said connecting means for regulat-
should have a high energy of reaction yet be stable 25 ing the pressure of the propellant delivered to the firing
under conditions in which the device would be used. chamber whereby the mass of the charge of propellant
Suggested propellants would include stoichionletric introduced into the firing chamber and therefore the
mixtures of oxygen with a hydrocarbon such as meth- velocity attained by the projectile is readily adjustable.
ane or a cyclo-alkane, or an unsaturated hydrocarbon 4. The device of claim I including:
such as acetylene, a cyclo-alkane or an arene. Other 30 a magazine connected to the breechblock for storing
possible propellants would include nitro derivatives of a plurality of projectiles;
hydrocarbon compounds such as trinitrotoluene. means utilizing the gases generated by ignition of the
Where it is desirable to maintain the oxidizer separate propellant for driving the bolt toward said open
from the propellant prior to firing the device, separate position as the projectile proceeds down the barrel;
pressure bottles with appropriate valving in accordance 35 biasing means for returning said bolt to the closed
with the teachings of the invention may be provided, position; and

While the invention is disclosed as applied to a rifle, means connected to said bolt for transferring a pro-
it is readily apparent that it is adaptable for use in other jectile from said magazine into said one end of the
weapons systems. Some modifications may be desirable barrel as said bolt is driven from the open position
in such applications. For instance, in larger devices for 40 to said closed position and for preventing said con-
use in tanks, ships, airplanes or fixed installations, the trol means from opening said valve means to re-
propellant source can be separate from the remainder of charge the firing chamber with propellant when no
the device. In some applications it may be desirable that projectiles remain in the magazine as the bolt is
the charging signal, which initiates flow of propellant to driven by the biasing means toward the closed
the firing chamber, be provided by means independent 45 position whereby a projectile is automatically in-
of initial movement of the trigger. Other variations fully serted into said one end of the barrel following
within the teachings of the invention are also possible firing of the device and further transfer of propel-
and the invention is to be given the full scope of the lant to the firing chamber is inhibited when no
appended claims, projectiles remain in the magazine.

We claim: 50 S. The device of claim 4 wherein the means for trans-
1. A projectile firing device comprising: ferring projectiles from the magazine to the barrel and
a barrel; for preventing the control means from transferring pro-
a breechblock containing a fring chamber mounted pellant to the firing chamber when no projectiles re-

on one end of the barrel with the firing chamber in main in the magazine include means for preventing said
communication with the barrel; 55 bolt from reaching the fully closed position when no

a bolt slidable within the firing chamber of the projectiles remain in the magazine.
breechblock between an open position in which a 6. The device of claim 5 wherein said projectiles are
projectile may be inserted into said one end of the provided with a recess in the rear portion thereof and
barrel and a closed position in which the firing wherein said means for transferring said projectiles and
chamber is sealed; 60 for preventing the bolt from reaching the fully closed

a source of fluid propellant under pressure; position when no projectiles remain in the magazine
means connecting the source of pressurized fluid comprises a finger pivotally mounted to the bolt and

propellant with the firing chamber; biased outwardly to engage the recess in a projectile in
valve means in said connecting means for controlling the magazine to drive the same along inclined guides

the flow of said pressurized fluid propellant from 65 into said one end of the barrel, said outwardly biased
said source to the firing chamber; finger pivoting with the movement of the projectile to

triggering means including a trigger, electrical means permit closure of the bolt bu! remaining outwardly
responsive to movement of the trigger to electri- biased to prevent closure of the bolt when no projectiles

Is
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remain in the magazine as said bolt is driven toward the pres ure in said firing chamber is above said preset
closed position. value whereby no unignited charge of propellant re-

7. The device of claim 4 including mode means select- mains in the firing chamber upon release of the trigger.
able to a semi-automatic condition to prevent the con- 9. The device of claim 7 wherein said selectable mode
trol means from opening the valve means to recharge 5 means includes means when in said automatic condition
the firing chamber with propellant following ignition of to generate and adjustable time delay and wherein said
the propellant until said trigger is released and reactua- enabling means is responsive to the time delay to delay
ted, and selectable to an automatic condition to permit eniin ofthe prellntby th e elec trical means for

said control means to operate the valve means to repeat- ignition o ropa b e c a as
edly recharge said firing chamber with propellant and 10 said adjustable time delay whereby the rate of fire in

to enable the electrical means to ignite the new charge said automatic mode i m adjustable.
of propellant as long as the trigger remains actuated. 10. The device of claim 9 wherein said time delay

8. The device of claim 7 wherein said selectable mode means is responsive to the pressure in the firing chamber
means includes means when in said automatic condition and delays ignition of the propellant the adjustable time
to actuate said electrical means to ignite propellant in 15 interval after said pressure reaches said preset value.
said firing chamber when the trigger is released and the *
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FUUJNG Or %~ FUM OR A MINOMUEL movement ard subsequent spring-actuated return of a pt~mp-
piston in a pump cylinder communicating through nonreturn

This invention relatv% to the initiation of a chemic2.I reac- valves with the reservoir and the decomposition chamber. hi
tion in which a auiel, wl,'.ch may be a mnonofuel, is utilized to order to perfrit ready adjustment of the quantity of nionofusel
~xoduce a hot gas mixtu-e under pressure. Such reaction may 5 i-njec'ed vii natch the desired impact, an adjustment end stop
be the combustion of n ordinary fuel, particularly a liquid for the piston stroke is preferably combirncd vith% the priming
fuel, or the decompositio-i of a n-onofuel. and hereinafter the pump, whose piston is preferably arranged to aspire monoifuel
term fuel, unless the conzcxt oth.-rwise require. is intended to 10from the reservoir during its manually effected inward stroke-

inl oe nofuel. A mcnofuel. also known as a monopropel- while a return spring as compressed and to, expel the sm
lat( emused for example inUS a.N.2972 ,i 0aon fmonofuel from the priming-pumrp cylinder during-

substance capable of developing heat by an internal reaction the sprirg-operated return stroke via the passage in themistoti
not requiring the presence of oxygen, and the below-men- which contains a sionretumn valve and which at the end of tie.
tioned isopropyl nitrate is one example of a monofuel or a return stroke communicates with an atmospheric port so as to
monopropelant. In both cases the initiation of the reaction, prevent reliably the transmission of any pressure fiomn the
also referred to as mie tirin; of the fuel, requires the tempera- I5 decomposition chamber past the nontreturn valves in tie
ture of thec fuel to be ralsed, at leat locally, to a predeter- de~iveiy line and in the reservoir fine to the monofuct reset-
mined minimum terprerature also referred to as the firing voir.
point, and the present invention has for an object to provide Alternatively the reaction chamber many, if desired& be ar-
an improved syswem and apparatus for achieving this without
the need of providing either an electric spark or a solid body 20 ranged to deliver gas to a gas turbine, more particularly to a

starter gas turbine. In that case monofuel is after dhe firing
rAised to incandescent ter:peraitare. A further objet1 t i continued to be fed to the reaction chamber at a steady rawe
%ide a firing device for a fuecl-and-gas mixture, in which on the for as long as the starter turbine is required to be operated.
one hand tiring is effected by adiabatic compression of a gas to In order that the invention may be more readily understood,
which the fuel has been added while on the other hand th 25 a number of examples will now be described with reference to
pressure rise subsequent to the firing is kept relatively low so the accompanying drawinp., in whiciic
as to avoid the need of an excessively heavy construction of FIG. I illustrates one form of a firing system for monofuel'

the ice.shown in anil section. together with a single-stroke piston in-
According to a broad aspect of the invention. which can be tended to bce operated by the decomposition gases, and with a

app'ied both to the firinr of a monofuel iii the presence of a 30 charging asnd/or priming pump.
gas whit.hmay be inert ad tothe flring of amixture of other FIG. 2 is an axial section of another form of nionofuel-
.............. .-:!......-. Or -h- gas, a UscutLi I operated piston device constructed according to the inven-_

charged with the fuel in the presence of the gas, and the fuel- tion.
and-gas mixture in the breech is then compressed, 14 establish FIG. 3 is an axial section of a priming pump for use
spontaneous-firing conditions, by a spring-loaded piston ele- 35 therewith, and
ment. hereinafter called a firing pin, released by trigger action FIG. 4 is an axial section, drawn to a larger scale. of the inlet
and free to be moved back after the firing by the increased valve provided with back o-essure protection means.
breech pressure resulting from the firing, and peeferably ar- Refeming now fira tr FIG. 1. the illustrated device com-
ranged to be recocked by this return movement. Thus the prises a cylinder barrel? f aving a cylinder bore 5 in which an
volume increase of the liring chamber after ignition is not. as 40 impact or working pistev. 6 having a pistor. rcd 8 is slidably
in a diesel engine, limited by an eciitent, such as a piston con- movable from its illustratei normal position against a return
nected to a crankshaft, whose movement is pi-edetermired. In spring 7. In use the piston is actuated by monofuel-decomposi-
practice according to a bteady r-cicla since the frigpin will tion gas produced in a cylindricald reaction chamber 17 coaxial
give way with very little inertia to the pressure resulting from wtbtsprtdb atto 4foteclne oe5
the firing, thereby avoiding an excessive sudden incre.:sc in 45 decomposition gas being admirted from the reaction chamber
pnrasmreseii seto h ree~ neto eee to the end of the cylinder boreS5 by a passage 15 in the parti-

In amor spcifc apec ofthepreentinvntin ametred tion 14. The reaction chamber 17 is extended in the axialquantity of a liquid monofuel. for example isopropyl nitrate is, direction of the Im rrel I by a breech 16 of smaller diameter.
in a cocking operation, tnasferred from a reservoir into a

brech nd nc onouelin he reeh i thn fredby orn ~and arranged slidably in tA.- chamber 17 is a preeompreusor
preeh n the gas oe in the breech y the n airoeent bcof- ao piston 21, from which a cylim~ical plunger 18. hereinafter
spring-loaded piston or plunger which m.zy be referred to as referred to as a firing pin. prreets towards the breech 16. i

firig pn, hen he rin pi is e~aaedbX ~g'racton rom alignment with the latter. s3 as t,3 be movable into the breech.
a cocked position, the firing pin being, i.-rediately after fir- in which it is a staling fit. The F-ecompressor piston 21 isilks-
ing. forced b.46; and thus cocked for the next firing operation 55 trated in its coc!ked position, in which a helical firing spring19 -

*by the breech pressure of the decomposing monofuel. 11h is axially co-npressed, a'.nd in wki:N the piston 21 is retained by
breech is fur-her provided with a port which, immediately a detent or sear n. which is re:easable by a trigger lever 20 at
after the fring. estalishes communication between the this time th- reaction chamber 17 and the breech 16 atm filled-
breech and a further portion of the reaction chamber. To with a gaseous. fluid, which tr ay te air or the gaseos products
-cise thi%. the return movement of t'ie Itiri ng pin may open 60 of a preceding operation. The cocking and trigger mesans my
the breech to a main portion of fth reaction chamber, in be of any known or suitable construction, for example be as
which before the firing the mixture of gas and fuel or described in U.S. Pat. No. 3.366,058. When it is intended t.
mniofuel is under a pressure substantially lower than the fir- operate the working piston 6 by monofutel-decomposidi gas.

*iiU pressure. The increase in pressure and tempt rature due to a suitable quantity or liquid mtonofuel, for example of
die admision of the fired gases from the breerc tkhen causes 65 isoprOPYl nitrate, Is fedfo therervr3inoteeain
the mixture in said man pert of the reaction. I: .b er to be chambe 17 by a priming pump 4. This pump is arranged to
also fire.The power of the decomposing mon A -.1may be meter, in afirst pan ofitsopertive troke.a peeleted
used to operate an impact piston which operate.- against a quantity of aionofiiel into the reaction chamber 17 proper by
thrus spring. by which the piston is, after each firiar, returned a line 39. and to deliver, nar the end of its cpieratire stroke, a
to its strig pandas, an atmospheric we it port being 70 fixed small further quantity of mofue intthe breechb16 y
preferably provided to vent the decomposition Lhaniber at the a second line 40. Wheo now the precomrressor pisto 21 is
end of each -)peraing stroke. Charging or priming of the reac- released upon actuation of the trigger 20. the helical spring 19
tion chamber, which an this case may also be called the move the precom.pressor piston rapidly forward to increasei
decomposition chamiber, with liquid nionofuel from a the prenure of the gas contained in the reaction chamber 17

simooue reservoir is preferably effected by manual forward 75 and, after a suitably increased pressure has been reached is
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this chamber, the firing pin 13 enters the breech 16. thereby that, irrespective of the amount of work required to be dora
sealing a quantity of the thus precompressed gas in the breech by the decomposition products. The firing breech 16 is alway!
16. whose residual length is considerably less than the remain- fed with a metered quantity of monofuel suitable to ensure op
ing length of the reaction chamber 17. Further movement of timum firing conditions, while variation of the power output o
the precompressor piston 21 and its firing pin 18 will therefore 5 the device is achieved by varying the amount of monofuel fec
cause, during the following part of the movement of piston 21 . to the main reaction chamber 17.
the pressure in the breech 16 to rise much more rapidly than It will be readily appreciated that, while the invention ha
that in the chamber 17. Owing to the small cross-sectional been described as applied to an impact piston, the same prin- I
area of the breech 16 compared to that of he reaction ciple of operation can also be applied to other uses. for exam
ch.mber 17. this final part of i..e forward movement of the 10 pie for initiating the operation of a continuously operatinj
piston structure 21, 18, which by this time has acquired a con- device such as a starter gas turbine. For this purpose the pistor
siderable kinetic energy, will cause the pressure and tempera- 6 may be constructed as, or replaced by, a pressurizing vavh
ture in the breech 16 to rise rapidly to reach the firing point, which remains closed until the pressure in the reactior
The resultant decomposition of monofuel cause the pressure chamoer 17 reaches a predetermined value, and an additiona
in the breech to rise further very sharply, and as a result the Is fuel pump. suitable to provide a continuous steady supply o
firing pin is thrown back at a high velocity to acquire an ener- monofuel to the reaction chamber 17, is provided and ar
gy sufficient to return, assisted by the pressure in the reaction ranged to commence operation when. or shortly before th
chamber, the precompressor piston 21 to its illustrated posi- piston 21 and firing pin 18 is released to initiate monofue
tion, where it is once more retained by the detent 22. As soon 20 decomposition in the breech 26.
as. during this return movement, the firing pin 1 leaves the When it is required to replenish the monofuel in the reser
brtch 16. the decomposition gases from the breech enter the voir 3. this can be done by opening a lateral cover 41 provide
main reaction chamber 17, where the resulting increase in for the purpose. Finally it will be appreciated that, while thc ,

m pressure and temperature initiates decomposition of the invention is mainly intended for use with monofuel such a.
i,.t .iofuel contained in that chamber. A high pressure will thus 25 isopropyl nitrate, it is also capable of being operated with fuel:
be created in the reaction chamber 17. though this pressure requiring oxygen for combustion, for example with petrol o.
w II not be as high as that momentarily developed in the- with diesel oil. provided that in that case arrangements an
br-ect, because the initial compression of the gases in made to ensure for each operation the presence of con
chamber 17 is lower than that reached in the breech at the bustion-sustaining gas. generally air. in the reaction chambe
moment of spontaneous firing. This rea:tion-chamoer pres- 30 17 at a suitabie quantitative ratio to the monoiucl.
sure acts. through a passage 15, on the area of an annular Another embodiment of the invention is illustrated in FIGS
recess 10 of the working piston 6, and when the p essure act- 2 to 4, in which the same reference numbers as in FIG. I have
ing on this area is high enough to overcome the force of the been employed for parts performing the same functions.
return spring 7. ths- impact or working piston 6 begins to move Referring now to FIG. 2, and concentrating on the feature
away from the partition 14 which separates the cylinder S 35 which differ from those of FIG. 1. it will be noticed that the fir i
from the reaction chamber 17, thus allowing the reaction- ing pin 18. instead of being attached to a precompressiot 1
chanier pressure to reach the whole area ,if the work;ng piston as that shown at 21 in FIG. 1. is attached to a guide ro
piston 6. This piston is thus given a high rate ol icceleration to 43 provioed with a spring abutment head 42, on which thiU reach a high speed which may be utilized in ar. impact tool in spring 19 acts, and which is freely movable in a vented bor,
any k-iown or convenient manner. 40 71. The movement of the head 42 is so limited by a shoulde

Th priming pump 4 comprises a pist3n red 23 equipped 44 on its guide rod 43 that Cie end of the 'iring pin 18 remain
with a stepped pump piston 26. The latter slides in a pump permanently engaged in a breech 45 which latter, like th: '
cylinder 25 and is arged by a bias spaing 27 towards the ilU- breech 16 of FIG. 1, is formed in the partition 14 that form
trated end position. When it is desired to prime the system, the the end wall of the working cylinder S; but in contrast to th
pump piston 26 is -noved against the bias spring 27 by pressing 45 construction of FIG. 1. the breech 45 is former as a throug!
a knob 24 mouned on the end of the piston rod 23. This in- bore. As a means for retaining the firing pin in the cocke
ward stroke of tho. pump pisto:t 26 is limited by abutment of an position. a simple spring-loaded trigger pin 32 is shown, whicl
adjustable stop nut 38 against the end of the pump cylinder however may, if desired, be equipped with means which en
25. adjustment of the krob serving to determine the amount of sure its reengagement as soon es the firing pin 13 and spring
ronofuel injected at e ch reciprocation in accordance with abutment head 42 return to th, ,lustrated position after firing
the momentary requirements of the -.Ptem. The pump The guide rod 43 is adaper', as shown, to be manuall
cylinder 25 has three apertures or ports 23,. 29 and 29a, of withdrawn to enable the firinl !,in 18 to be cocked manuall
which the first-mentioned aperture 28 communicates with the when it has been released in tve absence of a charge. Th,
rmonofuel reservoi- 3 through a nonreturn valve 35, while the SS spring-loaded piston 6 is formed with a central boss 46 which
apertures 29 and .. 9a lead respectively through line 39 to the when trx piston is held in its illistrated end position by th -
main reaction chamber 17 antI through line 40 to the firing spring 7, seals the exit from the t.rough-bore breech 45 int
breech 16, each of the lines 39 and 40 being fitted with a non- the cylinder bore S, which farms the reaction chamber while
return valve 37 and 37a respectively. A longitudinal passage peripheral collar 47 of the piston 6 keeps the end surface c
31 is provided in the pump piston 26 and the piston rod 23 and 60 the piston slightly spaced from the partition 14 to form an a
communicates with three radial ports 32, 33 and 33a. The amlar chamber 9 surrounding the boss 46. The passage 4
first-mentioned port 32 permanently communicates with the through which the variable greater portion of the monofuel i
fi--,t-mentioned pump-cy!i-ider -)rt 23 through the end por- supplied from the priminit pump 4 for the op-ration of th
ti .-1 :Sa of the bore of puiip cylinder 25. while the other two working piston 6.is arrf-uyed to lead into this annular chambe
p.rs 33 and 33a of the p.ton :6 respectively communicate 65 q '"a an inlet check valve 48a and a similar inlet check valv
with longitudinal channels .36 an:1 36a at the circumference of 41 is interposed in the passage 39 which feeds an invariabl
the pump piston 26 in sich manner that, when the pump small quantity of monofuel into the breech 45 for firing pui
piston 26 returns to irs ilhttrated position after the knob 24 poses. As will be seen in FIG. 4, the housing of the inlet valv

har. been depresrd, channel 36 first allows monofuel di%- 48 is provided, to the back of its valve seat 49, with a cro .
a placed by the pi:ton from the said end chamber 2Sa of the 70 bore 50 intersecting the flow passage 51 leading to the valv

cylinder 25 to flow to de main decomposition chamber 17 seat 49, and this crms-bore SO is normally closed by a burt
while, from a predetermited point shortly before the end of disc 52. Should for any reason the valve fail to rrevent bac
the return stroke of the pump piston the channel 36 leaves the pressure trum the firing breech 45 or from the presurized en I
second cylinder port 79 but the other channel 36a begins to of the cylirder bore S from reaching Cie passage 51. which
comrunicate with the third cylinder port 29a thus ensuring 75 isolated frcm the monofuel reservoir by one of the delive|
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valves 37 and 37a of the priming pump 4, the resultant pres- taneously. The resulting pressure rise in the breech 45 n
sure buildup in the passage S51 will burst the disc 52, thus vent- only moves the firing pin back, cocking it for a fresh firi
ing the passage 5M to a point at low pressure and avoiding any operation, but also acts on the boss 46 of the working pis 'risk of transmission of firing pressure back to the monofuel to move the boss out of the breech 45, thus establishing
reservoir. 5 munication of the breech with the mniin reaction chamber

Referring now to the construction of the priming pump il- so as to fire the main quantity of mon.,fuel which has been ft
lustrated in FIG. 3. it will be noticed that this pump has been to the reaction chamber via pas-age 40. Moreover the
modified from that shown in FIG. 1. Thus the actuating knob sure of the decomposition gases will now act on the whole-
34 of the construction of iG. 3 combines the functions of the of the piston 6 as distinct from acting only on the area-'
actuating knob 24 and of the adjuster nut 38 of FIG. 1, and in- 10 responding to the cross section of the boss 46 as it was prior
stead of arranging for a sin-le pump piston 26 to feed in suc- the establishing of communication between the breech 45 ar
cession first a variable quaitity of monofuel to the main reac- the annulah chamber 9.

tion chamber and then a . r Wler. fixed quantity to the breech, The main cylinder S is formed with an exhaust poi t
the single piston 26 has be.'n replaced by a main pump piston which is exposed when the piston ( has moved a predete
52. which serves for the supply of monofuel by a line 40 to the 15 mined distance from its iflustrated normal position. This e
annular chamber 9 surrounding the boss 46 of the working haust port 65 will open to atmosphere, as shown, by a
piston 6, and this main piston 52 has a coaxial bore 53, in mosperic port 66 when the pston 6 is to work as an in -m
which a.n auxiliary piston 54 is movable relative to the main piston or a reciprocating piston and constitutes the oILP
piston !2 between a normal position, to which the auxiliary member, but alternatively, as indicated by the provision of
piston is urged by a spring 5S. and in which the auxiliary piston 20 three-way cock 67. the port 65 may bze connected to an o,-"
54 is arrested by engagenent of a pin 56, projecting from the line 68 at which a continuous supply of decompositiot
main piston into a groove 57 of the auxiliary piston, with the may be required, for example when as shown the line 68
end of that groove, and a second position, in which a shoulder to a gas turbine 69. In order to provide such continuous g:
58 of tl.c piston rod 23 terminates the inward movement of the 25 supply, the monofuel supply line 40 leading to the woivir
auxiliary piston 54 into the coaxial bore 53. Fuel from the chamber 9 will. after firing, be connected to a contir x
ionofuel reservoir is admitted by the inlet valve 35 to an an- supply source 70 of monofuel, which may be of a constru c
nular chamber 59 which surrounds the pump-piston rod 23 described in U.S. Pat. No. 2,874.764 or in U.S. Pat. N,
and whit h communicates, via intersecting bores 60, 61 and a 3,146,591 and may. as in th-se cwes, include a gear puir
check vaive 62. with the bore 53 contain:-ig the auxiliarv 'An driven by the turbine. The pressure of the decompo c
piston 54 and, via a bore 63 and a longitud:ial groove &$ m -"n gases will then. as long as the supply of monofuel conti e
the main piston 52. with the delivery valve 2.7 wnich, via line bold the piston 6 in a position in which it allows the passage
39, Ieads to the breech 45. The preloadiig of the spring 27. the gases through outlet 65.
which hods the main pump piston 52 in it. r nal position, is I clainx
so choser as to retain when, by pressing the: actuating knob 35 I. A device for firing a mixture of a liquid fuel as defin
34, the ni!toi rod 23 is moved, the main r! -1n 52 until the the specification and a gas, which comprises a body inch r
auxl.ar)3 pistcn 54 has completed its full pertted stoke thus a reaction chamber and a breech bore extending from tt
deliverug a pi ,determined quantity of mono . :Ul to the breech reaction chamber and having a substantially smaller dianeti
ch.unber 4S. Continued inward movement of-,e knob 34 then than the reaction chamber, said breech bore having a cyl it
causes the main piston 52 to move jointly wid. the continued 40 cal portion, first closure means movab'e longitudinally t I
forward movement of the auxiliary piston 54, Llereby increas- breech bore between a closed position in which said first cl
ing the capacity of the annular chamber 59 surrounding the sure means isolates the brich bore from the reactk
piston n 23 and thus aspiring monofue! from the re~ervoir chamber and an open position in which it perits free r
through tl's inLzn valve 35. When the knob 34 is now released munication between he breech bore and the rea c
the spring 27 will return the main pump piston 52. and the 45 chamber, spring means u.g ng said first closure means to saclosed position, second cL ure means closing the other end,spring 55 ,ill at the same time return the auxiliary piston S4 to the breech bore, a firing pin guided in said body for move
its original position relative to the main piston thus causing mi- the breech bore b a first b ody fo
tialiv mor:ofuel from the annular chamber 59 to be trarsferred a second position said firing pn constituting ore of sai.. r

to tle bore 53 constituting the auxiliary cylinder in which the So and second closure means and including a cylindrical pov K
auxi.:ary piston wc s. and when this allAiliary cylinder has which is a secaling fit in said clind rical por
beer fully charged, .:ontinued return movement of the main o ea bore oin
pist: i 52 will cause the residue of tle aspired monofuel to be ovable therein towards the other of said closure me a

expeed ia dlivry alve37aandlint 40to he ~nrilar compress, when rapidly moved fPorn said first position uexe 'ed via delivery valve 37a and line 40 to the annular second position gaseous fluid in said breech bore suf'tcientchamber 9 which constitutes the reaction chamber in the main 55 to ensure firing of such mixture in the breech by adia~ut
cylinder bore 5 of the barrel 1. It will be observed that in this compression, spring means urging said firing pin to a
manner the charging of the breech is effected during the second position, detent means for releasably holding sa- fi
depression of the knob 34 while the annular chamber 9 is ing pin in said first position, detent-release means operab i
charged during the return movement .f the knob 34 and release said detent means and charging means associated A"
piston rod 23. 60 said body and operable to supply fuel to said reaction cha- b,

When the auxiliary piston 54 has returned to its initial posi- and. prior to each release of said detent means, to said b x
tion relative to the main pump piston 52 while the latter coa- bore, said body also includirg conduction means for rca i
tinues its return movement, some of the fuel expel led from the gases from said reaction chamber to permit such gases
annular chamber 59 might flow via passages 60,61. valves 62. produce mechanical power.
cylinder bore 53, and valve 37 into the breech chamber 4S, 65 2. A device as claimed in claim 1, wherein the cha it
and to prevent this tae pressure drop in the two series-con- means include a sing!estoke primin,; pmp arranged to s p
nected nonretum valves 62 and 37 is arrang:ed to be ap. fuel te both the breech and the reaction chamber in
preciably greater than the pressure drop in t,,e single non- dividutily metered quantities.
return valve 37a provided in the line to the ain reaction 3. A device as claimed in clair 2, wherein the pr' i
chamber 9. 70 pump includs men for adjusting the quantity of fue a

When, after the priming pump 4 has been operated, the p!ied tothe reactionchamberwithot affectiingthequanh.j,
trigger pin 32 i pulled, the cocking spring 19 is freed to prop-I fuel supplied tothe breech.
the firing pin 18 rapidly into the breech 45 to compress the gas 4. A device a e'imed in clain 1, wherein said bor- i
contained therein until tLe pressure and temperature in the cludes a montfuel reservoir associated with said du it
breech causes the monofuel in the breech to decAmuose spon- 75 meam.
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S. A device as claimed in claim 1. for use in connection with firing pin along a path that includes a first position in which
a gas turbine, wherein the charging .eans include means said sealir.g portion is wholly outside said cylindrical bore por-
operable. after the release of the d't,-nt means, to dirext a ticn to permit free comnunicati.m between said reaction
continuous supply of fuel to the reac: ion chamber, the device chamber and said breech bore, and a second position in which
including a pressurizing valve rendei ing aid conduction 5 said sealing portion of the firing pin is in engagement with said
means ineffective until the pressurt in the reaction chamber cylindrical bore portion so that rapid movement of the firing
reaches a predetermined valve, pin from said first position to said second position will trap a

6. A device as claimed in claim I wherein the breech bore volume of fluid in said breech bore and compress it suffi.
is a socket bore closed at its end rtmote from the reaction ciently to ensure firing of such mixture in said breech bore.
chamber, and which Includes means in !aid body guiding said 10
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United States Patent [19] [111 4,099,445
Singelmann et al. [451 Jul. 11, 1978

[54] PRESSURE DIFFERENTIAL propelling a device such as projerile in a fire arm com-
PISTON-COMBUSTION CHAMBER SYSTEM prises a combustion chamber cylinder formed at the end

[ (75] Inventors: Dietrich Singeliman, Ottobrunn; of a barrel containing a bore for the passage of a projec-
Heinrich Strobl, Munich; German tile and in which is movable in pressure differential
Munding, Bad Friedrichshall, all of piston. The piston includes an annular ring portion hay-
Germany ing surfaces on respectively axially opposite ends which

are exposed to pressure forces existing in intermediate[73] Assignee: Messerschmitt-Bolkow-Blohm chambers defined between these surfaces and end walls
GmbH, Munich, Germany of the surrounding cylinder in widened annular portions

gof the cylinder. The cylinder and piston are provided
[21] Appl. No.: 862,637 with one or more passages for the passage of a propel-

(22] Filed: Sep. 22, 1969 lant component into the combustion chamber. The vari-
ous propellant components which are preferably of a

[30] Foreign Application Priority Data nature such that they will react hypergolically, are
Aug. 21, 1968 [DE] Fed. Rep. of Germany ....... 1728077 connected through valve means in these passages and

by a central plunger element of said valve means into
[51] Int. CI. ................................................ F41F 1/04 the combustion chamber. Reaction of the components

,y ~~~[52] U.S. C................................... 89/7; 89/8

[58] Field of Search ........... 60/26.1; 89/1, 7, 8 generates combustion gases in the combustion chamber
to force the piston backwardly in a working stroke and

[56] References Cited to produce a force for expelling the projectile through

U.S. PATENT DOCUMENTS the bore at the opposite end of the combustion chamber.
The construction is characterized by an arrangement2.981,153 4/1961 Wilson, Jr. et al ........................ 89/7

- 2,86,72 /196 Huson............8/7 hich provides an additional moving force on the pis-.- 2,986,072 5/1961 Hudson ...................................... 89/7
3,138,990 6/1964 Jukes et al ................................. 89/7 ton in order to aid its working stroke movement at the

initial stage of such movement.
Pimary Examiner-David H. Brown
Attorney, Agent, or Firm-Toren, McGeady and Stanger

[57] ABSTRACT

A propelling or driving force generating system for 10 Claims, 3 Drawing Figures
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4,099,445 21 2,
amount of gun powder which is weighed into cartridges

PRESSURE DIFFERENTIAL used in a conventional fire arm and which pressure
PISTON-COMBUSTION CHAMBER SYSTEM gases drive the projectile out of the barrel, react at a

high starting pressure in order to impart the projectile
SUMMARY OF THE INVENTION 5 with a large initial acceleration and thus a high muzzle

This invention relates in general to the construction speed. It is true that the known fire arms which operate
of a driving force generating system and in particular to on the pressure differential combustion chamber princi-
a new and useful device for producing a driving force ple for producing high pressure gases have certain ad-
for propelling projectiles, such as in a fire arms, and vantages such as the saving of cartridges, less weight
which includes a moving pressure differential piston 10 and less sensitivity of the used propellants. However,
which is moved by the force of gases generated in a the known fire arms which operate on this principle
combustion chamber and which is also aided in its have a disadvantage in respect to large initial accelera-
movement by an additional force. tion and muzzle speed. This is true because in the initial

The present invention is particularly concerned with stage of the inner ballistic procedure, that is, in the front
the production of a pressure differential piston combus- 15 reversing position of the pressure differential piston, the
tion-chamber system for the production of propelling injection pressure energy which is produced will be
gases from liquid propellant components, particularly merely that of the relatively low fuel supply container
hypergolically reactive components, and particularly pressure. This causes a relatively flat rise of the pressure
for use in propelling a projectile from a fire arm. The as indicated in the pressure-path diagram or in the inner
system of the invention has a guide cylinder for the 20 ballistic work diagram. The pressure peak which is
pressure differential piston which forms a combustion determinitive for a large initial acceleration of the pro-
chamber casing. The front end face of the piston closes jectile is obtained too late and with a loss of time in the
an inner space of the combustion chamber and the op- form of an undesired staying period and only after the
posite end forms together with parts, which are station- combustion chamber pressure starts operating and the
ary or fast on the casing, distribution chambers for the 25 increase of the injected propellants take place as a result
propellant components. A projecting annular ring por- thereof.
tion of the piston moves in an annular widened passage The present invention overcomes the disadvantages
of the cylinder and the forward and return movement of of the prior art by providing a driving force generating
the piston are aided by the pressure forces acting on system in which the propelling gases have a steep pres-
each end of the piston ring portion. The pistion is urged 30 sure increase in respect to their pressure path diagrams
backwardly during the combustion in the combustion so that they are made suitable for fields of utilization
chamber by the combustion chamber gas pressures and which require such steep pressure increase particularly
while so doing it creates an injection pressure for feed- for fire arms. With the invention the pressure differen-
ing the fuel components into the combustion chamber. tial piston is driven at the beginning of its working

U.S. Pat. No. 3,138,990, discloses a rapid fire weapon 35 stroke during the initial phase of its movement by means
which is actuated by a pressure differential piston-com- of a special additional moving force. This additional
bustion chamber system. In this weapon the pressure moving force is active when the combustion chamber
gases which propel the projectile out of the barrel are pressure has not achieved a sufficiently high driving
produced in the combustion chamber by means of two force value and when a very large amount of propellant
liquid fuel components which react hypergolically with 40 is injected into the combustion chamber. This produces
each other. In such a construction the injection of the an extremely large build-up of the combustion chamber
fuel is initiated at the front reversing point of the pres- pressure to initiate the backward movement of the pres-
sure differential piston and a partial amount of the two sure differential piston.
fuel components is first conveyed or injected into the In accordance with one feature of the invention the
front region of the combustion chamber by means of the 45 additional driving force is provided by utilizing the
fuel container pressures. Due to the reaction of the kinetic energy of the forward moving pressure differen-
propellant components a combustion pressure builds up tial piston. This is effected by providing a gas spring or
at this location and acts against the front of the piston mechanical spring action on the piston so that for exam-
and annular end sides of the pressure differential piston pie the spring, or its force, is increased or tensioned by
and moves the piston back after having overcome an 50 the retreating movement of the piston and will react on

* initial counterforce which is caused by a pressure me- the piston to create an initial driving force in a working
dium. In so doing the previously injection quantities of direction.
propellant components are put under pressure by ring In a further embodiment of the invention, the addi-
members of the pressure differential piston in annular tional driving force is obtained by the use of an extrane-
spaces or distribution chambers and they are injected 55 ous pressure source which is obtained, for example, by
into the combustion chamber. At the same time, check connecting the cylinder to a storage tank of a gas such
valves or non-return valves automatically close in a as air which is maintained under pressure. One or more

* direction toward the fuel containers or supply tanks. pressure supply valves may be built into the combustion
Since the front annular end face which faces the inner chamber casing in the region adjacent the annular ring
space of the combustion chamber is larger than the end 60 portion of the pressure differential piston. Such valves
face of the two ring members which press on the quanti- are provided with sensing means which project into the
ties of propellant components, a differential action sets path of the piston and are contacted during the return
in whereby the injection pressure at any given moment movement of the piston to supply the gas under pres-
is larger than the respective inner pressure of the com- sure against a face of the piston to move it in an opposite
bustion chamber. 65 direction in a working stroke. A similar arrangement

* In order to obtain a favorable inner ballistic condition may be employed at each end of the piston stroke in
it is, according to a theory of shooting, necessary that order to facilitate both the working stroke and the re-
pressure gases which are produced by combustion of an turn stroke.

0
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Accordingly, it is an object of the invention to pro- also includes a central cylindrical piston portion 6
vide improved driving force generating system for pro- which slides in the combustion chamber 33 and which
pelling a device such as a projectile which includes a has at its trailing or rear end a widened annular portion
differential pressure piston which is movable in the or ring 7.
cylinder formed at the end of a barrel having a bore for 5 Two propellant components such as an oxygen and a
the movement of a projectile therethrough, for exam- liquid fuel are stored in supply containers or tanks 8 and
pie, and wherein the piston is moved backwardly in a 9, respectively and they are connected through axially
working stroke by the forces of gases generated within elongated passages 10 and 11 defined in an end plate 52
the combustion chamber and fed into the chamber by which is secured over an end cylinder wall 54. The
the movement of the piston, and wherein an additional 10 inner or lower end of the passages 10 and 11 communi-
force acts on the piston during the initial portion of its cate to annular spaces having valve means in the form
working stroke in order to move it more rapidly during of individual plate valves 24. The inner annular passage
this portion. which communicates with the elongated passage 10 for

A further object of the invention is to provide a fire the oxygen communicates through the valve means to
arm device which includes a combustion chamber for 15 an axially elongated passage 13 terminating in an annu-
the end of the barrel having a bore for the passage of a lar distribution chamber or pump chamber 14 defined
projectile therethrough, and which includes a pressure between the cylinder end wall 54 and the piston interior
differential piston which is slidable in the combustion portion 4. The outer annular passage which communi-
chamber, the combustion chamber having means for cates with the liquid fuel being delivered through the
injecting propellant components therein preferably 20 passage 11 from the supply tank 9 communicates with
components which react hypergolically, and wherein an elongated passage 12 which terminates in the annular

- the piston includes a widened ring portion having re- distribution passage or pump chamber 15 defined be-
spectively opposite directed axially spaced end faces tween the piston portion 4 and the cylinder end wall 54.
which are acted upon by additional force means such as The distribution passage 14 for the oxygen communi-
a spring or a gas under pressure to move it during an 25 cates with the elongated passage 22 which leads
initial period in each direction of movement and partic- through a tangential passage 21 into tangential passages
ularly for effecting a steep pressure increase in the com- 20 defined around the interior of a swirl chamber 18
bustion chamber in order to make the propellant pro- defined at the head portion of the plunger 16. The oxy-
ducible therein suitable for use in driving a projectile. gen which is introduced into the swirl chamber 18 will

A further object of the invention is to provide a driv- 30 be directed downwardly through a discharge nozzle 19.
ing force generating system which is simple in design, The liquid fuel on the other hand will move through the
rugged in construction and economical to manufacture. passage 12 and the distribution passage 15 and an in-

The various features of novelty which characterize clined passage 33 through a discharge nozzle 23a which
the invention are pointed out with particularity in the is normally covered by the head portion 17 of the
claims annexed to and forming a part of this specifica- 35 plunger 16 but which is uncovered by the head portion

IF tion. For a better understanding of the invention, its when the piston begins movement in its working stroke
ope. ating advantages and specific objects attained by its by the forces of inertia which act. In a similar manner
use, reference should be had to the accompanying the passages 20 communicate with the annular supply
drawings and descriptive matter in which there are duct 21 when the plunger 16 is moved because of inertia
illustrated and described preferred embodiments of the 40 away from the associated piston 2. The plunger 16 is
invention. under the action of a return spring (not shown) which

urges it in a direction of the arrow Y against the face 3
BRIEF DESCRIPTION OF THE DRAWINGS of the piston 2. In the position indicated in FIG. 1 the
In the drawings: tangential bores 20 are out of alignment with the annu-
FIG. 1 is a longitudinal sectional view of a driving 45 lar passage 21 so that the supply of the propellant com-

force generating system constructed in accordance with ponent is blocked. Instead of the plate valves 24, check
the invention; valves or non-return valves may be employed.

FIG. 2 is a partial sectional view similar to that indi- In accordance with the embodiment of the invention
cated in FIG. 1 of another embodiment of the invention; indicated in FIG. 1, means are provided to generate a
and 50 moving force which acts on the piston 2 to drive the

FIG. 3 is a partial sectional view similar to FIG. 1 of piston during an initial phase of its workings stroke and
still another embodiment of the invention, also preferably during an initial phase of its return

GENERAL DESCRIPTION OF THE stroke. In this embodiment, a control mechanism for
PEERR DEMBIP NFTSE acting on the respective surfaces 31 and 32 of the ring
PREFERRED EMBODIMENTS 55 portion 7 of the piston 2 during the respective initial

Referring to the drawings in particular the invention portions of the driving and return strokes is actuated to
embodied therein as indicated in FIG. 1, comprises a provide a fluid pressure driving force on these surfaces
pressure differential piston generally designated 2 at selected stages of the movement of the piston. For
which slides in a cylinder or combustion chamber cas- this purpose control bores 25, 25 and 26,26 are in com-
ing generally designated 1. The piston 2 includes a cen- 60 munication with a free air space and either partially
tral piston portion having a front face 3 which extends cleared or blocked by means of a control piston 27
into a combustion chamber 33 which, in the embodi- which moves in an axially defined chamber 56 of the
ment illustrated, is formed at the end of a projectile cylinder wall 1. The additional pressure is applied in the
barrel 50 having a passage 52 therethrough for the pas- space between the surface 31 and the boundary surface

* sage of a projectile 41. 65 29 to move the piston 1 in the working direction and
The piston 2 includes an elongated inner piston part 4 between the surface 30 and the surface 32 to move the

having a bore defining a guide for valve means which piston in a return direction. This additional pressure
includes a plunger 16 and plate valves 24. The piston 2 force is provided at the reversing points of the forward

S•
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and rearward movement of the piston 2 and is effected through grooves 39 of the valves and into the space to
under the contvol of the control piston 27. brake the movement of the pressure differential piston 2

The operation of the device indicated in FIG. I is a at the end of its return movement and to accelerate the
follows: piston at the beginning or at the initial phase of its work-

In FIG. 1, it is assumed that the pressure differential 5 ing stroke movement. After the piston 2 moves away
piston 2 which is located in about its central position has from the sensing valve 35, the valve is then again closed
started to move forward in the return movement in the by spring 38. After this the piston uncovers a bore 40
direction of the arrow X. Because of the position of the which vents through the cylinder 1" as indicated. In the
control piston 27, the two front control bores 25 are meantime a sufficient combustion pressure is built up in
covered and thus the forwardly moving differential 10 the combustion chamber space 33 as indicated in FIG. 1
piston 2 compresses, by the annular portion 7, the air and the gases which are formed due to combustion
which is enclosed or included between the surfaces 31 drive the projectile 41 through the passage 52. The
and 29. A counterforce is thus created in this manner driving of the projectile is in an outward direction in
which causes the pressure differential piston 2 to come accordance with the laws of inner ballistics. The piston
to rest or to stand still at the bottom of its return move- 15 2 is moved into a starting position under the urging of a
ment. This compressed air amounts to a tensioned gas spring (not shown) which acts on the plunger 16 in the
spring which releases its stored energy immediately to direction of the arrow Y.
the pressure differential piston 2 and thus mc ves the What is claimed is:
piston back in the direction of the arrow Y during the 1. A driving force generating system for propelling a
initial phase of the working stroke of the piston. In so 20 device such as a projectile particularly in a fire arm,
doing the inner space of the annular pump chambers 14 comprising wall means defining a combustion chamber,
and 15 becomes smaller so that a partial amount of the a piston movable in said combustion chamber, propel-
two propellant components such as oxygen carrier and lant component passage means defined in said wall
fuel is injected into the combustion chamber as the means for delivering propellant components into said
plunger 16 with its head portion 17 is moved to the 25 combustion chamber, valve means associated with said
opened position through its own mass inertia force passage means permitting flow of said propellant com-
brought about the rapid movement of the piston 2 in a ponents through said passage means into said combus-
working direction. tion chamber, said propellant components being reacta-

* The partial amounts of the two propellant compo- ble in said combustion chamber to move said piston in a
nents which are injected into the combustion space 33 30 working stroke, a force accumulator connected to said
by the additional force of the gas spring react in a hy- piston and being responsive to movement of said piston
pergolic manner. When the combustion process starts, to accumulate a drive force, and control means for
the pressure of the combustion space 33 acts on the causing said drive force to act on said piston at the
pressure differential piston 2 to cause an additional in- beginning of its movement in its working stroke to aid in
jection of the additional remaining amount of the two 35 such movement.
propellant components into the distribution chambers 2. A driving force generating system, according to
14 and 15. In order to dampen the rearward movement claim 1, wherein said force accumulator includes a
of the pressure differential piston 2 for the initial accel- spring means acting on said piston.
eration in a return movement a certain amount of air is 3. A driving force generating system, according to
compressed in the space defined between the surfaces 40 claim 1, wherein said force accumulator comprises a
30 and 32 by the annular piston portion 7. The volume chamber connected to said combustion chamber and
of this air is determined by the respective positions of being pressurized by the kinetic energy of the move-
the control sleeve 28. As a further driving force for the ment of said piston, said control means comprising a
pressure differential piston 2, there is the pressure which passage for connecting said chamber to communicate
prevails in the two propellant containers 8 and 9. 45 the stored pressure to said piston to aid it in its move-

In the embodiment indicated in FIG. 2, similar parts ment at the beginning of its working stroke.
are similarly designated but with a prime and in respect 4. A driving force generating system for propelling a
to a pressure differential piston 2' which is movable device such as a projectile particularly in a fire arm,
within the cylinder 1'. An annular spring 34 is arranged comprising wall means defining a combustion chamber,
between the front end boundary surface 29' and the 50 a piston movable in said combustion chamber, propel-

* countersurface 31' as well as between the surface 30' lant component passage means defined in said wall
and he rear surface 32'. These annular springs 34, 34 means for delivering propellant components into said
give cff tbc-r stored energy during the reversal of the combustion chamber, valve means associated with said
pressure differential piston 2 at the beginning of the passage means permitting flow of said propellant com-
working stroke and also at the beginning of the return 55 ponents through said passage means into said combus-
stroke, tion chamber, said propellant components being reacta-

In the cmbodiment illustrated in FIG. 3, similar parts ble in said combustion chamber to move said piston in a
* are again similar designated but with the addition of two working stroke, and additional force means acting on

primes. In this embodiment several pressure gas supply said piston at the beginning of its movement in its work-
valves 35 in the form of controlled non-return, or check 60 ing stroke to aid in such movement, wherein said piston
valves are disposed in the cylinder wall 1" at a location has a central piston portion slidable in said combustion
to project into the space between the surfaces 29" and chamber and an annular ring portion of increased di-
31". Each valve includes a sensing pin 3Sa which mension, said combustion chamber having an increased
projects into the path of the moving piston 2" and it is dimension portion in which said ring portion is mov-
displaced by the piston to open the valve and communi- 65 able, the space in said combustion chamber of increased
cate the space between the surfaces 29" and 31" with a dimension defining a fluid pressure storage chamber
source of gas under pressure through a connecting line acting on each end of the ring portions of said piston
37 and a supply tank 36. The pressure air extends and providing means for breaking the movement of said
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piston in a working direction and in a return direction chamber, said propellant components being reactable in
and for providing a moving force for said piston in the said combustion chamber to move said piston in a work-
initial stages of movement in its working direction and ing stroke, additional force means acting on said piston
in the initial stages of movement in a return direction. at the beginning of its movement in its working stroke

5. A driving force generating system. according to 5 to aid in such movement, said additional force means
claim 4, including spring means disposed in the path of comprising a valve projecting into said wall means, said
movement of said ring portion of said piston and acting wall means including a widened wall portion, said pis-
on said ring portion to aid in its movement during initial ton having an annular ring portion of increased dimen-
portion of movement of its working stroke. sion slidable in said widened wall portion of said wall

6. A driving force generating system, according to 10 means, said valve being oriented to project into the path
claim 4, including a control chamber connected to said of movement of said ring portion of said piston and
cylinder and respective opposite sides of said ring por- being located to open just prior to the end of the return
tion of said piston, and a control piston slidable in said movement of said ring portion of said piston, and means
control chamber, said control chamber having openings connected to said valve for supplying compressed gas
at spaced locations which are covered and uncovered 15 through said valve when opened by said piston and into
by movement of said piston for regulating the move- said combustion chamber to act on said ring portion to
ment of the air by movement of said ring portion of said move said ring portion with said piston in a working
piston for aiding the movement of said piston in its direction.
initial portion of movement in its working stroke direc- 9. A driving force generating system for propelling a
tion. 20 projectile in a fire arm, comprising a tubular member

7. A driving force generating system for propelling a defining a projectile bore passage and a widened com-
device such as a projectile particularly in a fire arm, bustion chamber at the end of said passage, a piston

m comprising wall means defining a combustion chamber, having a central portion slidable in said combustion
a piston movable in said combustion chamber, propel- chamber and having a widened ring portion, said tubu-
lant component passage means defined in said wall 25 lar member having a widened portion permitting axial
means for delivering propellant components into said movement of the ring portion of said piston, propellant
combustion chamber, valve means associated with said supply tank means, pump means connected between
passage means permitting flow of said propellant com- said propellant supply tank means and said combustion
ponents through said passage means into said combus- chamber and being movable by movement ef said piston
tion chamber, said propellant components being reacta- 30 to pump propellant components to said combustion
ble in said combustion chamber to move said piston in a chamber for generating gaseous products of combustion
working stroke, and additional force means acting on therein and for effecting a working stroke of said piston
said piston at the beginning of its movement in its work- in a direction away from said projectile passage, a force
ing stroke to aid in such movement, said additional accumulator connected to said pistion and being respon-
force means comprising an annular spring surrounding 35 sive to movement of said piston to accumulate a drive
said piston, said piston having an annular portion pro- force, and control means for causing said accumulated

K jecting outwardly from the sides thereof and engage- drive force to act on said piston during the initial stage
able with said spring at the end of the path of movement of movement thereof in its working stroke.
thereof in a return direction. 10. A driving force generating system, according to

8. A driving force generating system for propelling a 40 claim 9, wherein said pump means includes an end plate
device such as a projectile particularly in a fire arm, closing said tubular member and having a plurality of
comprising wall means defining a combustion chamber, passages defined therein, said passages and extending
a piston movable in said combustion chamber, propel- through said piston, and valve means associated with
lant component passage means defined in said wall said passages including a plunger slidable in said piston
means for delivering propellant components into said 45 and being movable away from said piston by inertia
combustion chamber, valve means associated with said during the movement of said piston in a working stroke
passage means permitting flow of propellant compo- to open said passages.
nents through said passage means into said combustion
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b United States Patent [19] [11] 4,100,836
Hofmann [45] Jul. 18, 1978

[54] COMBUSTION CHAMBER SYSTEM FOR includes a tubular member defining a combustion cham-
THE PRODUCTION OF PROPELLING ber which is adapted to be located adjacent one end of
GASES a gun barrel having a passage for a projectile. A piston

[75] Inventor: Heinrich Hofmann, Griibenzell, Ger- is slidable in the combustion chamber toward and away
many from the projectile and it includes a ring portion of

wider diameter which is movable in a widened portion[73] Assignee: Messerschhitt-Biolkow-Blohm Ge- of the tubular member defining the combustion cham-
sellschaft mit beschrinkter Haftung, ber. Propellant components are introduced into the
Munich, GermaT, combustion chamber by the movement of the piston

[21] Appl. No.: 862,638 which is effected by the combustion of the gases within

[22] Filed: Sep. 22, 199 the combustion chamber. For this purpose, the combus-
tion chamber is connected through passages defined in

[30] Foreign Application Priority Data the piston and fixed end plates of the combustion chain-
Aug. 21, 1968 [DE] Fed. Rep. of Germany ....... 1728074 ber which extend to supply tanks for the various propel-

lant components. The piston and the end plates also[51] U.t. Cl2 ................................................ F41F /8 define distributing passages for the propellant compo-
[52] U.eldfS. ..................... 88; 8/81 nents which are cyclicly compressed and expanded by

S(58] Field of Search. ............89/1, 7, 8; 60/26.1 the movement of the piston and thus produce a move-
[56] References Cited ment of the propellant components through nozzles

U.S. PATENT DOCUMENTS defined at the end of the piston end face for injection
into the combustion chamber. The apparatus includes

2.986,072 5/1961 Hudson ............................ 89/7 additional means for producing pressure within the
3,138.990 6/1964 Vukes et al ............................. 89/7 combustion chamber to cause a braking of the move-

ment of the piston in the return direction and initiate aPrimary Examiner-David H. Brown rapid build-up of the pressure in the combustion cham-Attorney, Agent, orFirm-Toren, McGeady and Stanger ber for producing a rapid movement of the piston in a

[57] ABSTRACT working stroke direction.
A combustion chamber system for the production of
propelling gases, particularly for propelling projectiles 7 Claims, 4 Drawing Figures

68

Lu

310

23a

S7

A 5

2 to

S19 %, 3 16 1721'2a

58

23 20-

16 22 . ,
20 !6 .

50

54
I ,

• il 9



LiU. S. Patent July 18, 1978 Sheet I of 2 4,100,836

y

V 1~0 in-1!I---
I 66

46

I6

tI X



U. S. Patent July 18, 1978 Sheet 2 of 2 4,100,836

Fig. l 25

225

Fig.8

25

'Fg 
2



* 14,100,836

producing pressure gases have certain advantages over
COMBUSTION CHAMBER SYSTEM FOR THE conventional fire arms including savings in respect to

PRODUCTION OF PROPELLING GASES the cartridges less weight, and less sensitivity of the
used propellants. However, these known fire arms

SUMMARY OF THE INVENTION 5 which operate under this principle have a disadvantage

This invention relates in general to the construction in respect to large initial acceleration, and large muzzle
of a propelling force producing device, and in particu- speed. This is because, during the initial stage of move-
lar, to a new and useful differential pressure piston com- ment of the pressure differential piston in the working
bustion chamber system for the production of propel- stroke direction, the injection pressure energy which
ling gases particularly for fire arms. 10 develops will be only that which is attained from the

The invention deals with a pressure differential pis- relatively low fuel supply container pressure. This
ton-combustion chamber system for the production of causes a relatively flat rise of the pressure curve in the

propelling gases from liquid, particularly hypergolic pressure-path diagram or in the inner ballistic working
propellant components, and is particularly suitable for diagram. The pressure peak, which is determinitive of a
fire arms. The system of the invention includes a guide 15 large initial acceleration of the projectile, is thus at-
cylinder for the pressure differential piston which also tained too late and with a loss of time in the form of an
forms a combustion chamber casing and a receiving undesired staying period which occurs after the com-
chamber for a projectile in the event that the device is bustion chamber pressure starts operating. Therefore,
to be used with fire arms. The piston closes, on its one there is an increase in the quantities of the fuel compo-
face, the inner space of the combustion chamber, and its 20 nents which are injected.
opposite rear face moves in a chamber defined at the The present invention provides a construction in
opposite end of the combustion chamber, which forms a which overcomes disadvantages of the prior art and
propellant distribution chamber; and thus provides provides a propelling force having a steep pressure
means for directing the propellant components through increase in the pressure-path diagram making the device
passages into the combustion chamber. 25 suitable for use in a fire arm. This is solved by providing

In accordance with U.S. Pat. No. 3,138,99C, it is a r sein a fire am i ile providing
known to provide a rapid fire weapon which is actuated a pre-injection of a partial amount of the propellant
by a pressure differential piston-combustion chamber components during the end portion of the forward

S system. With such a system, the pressure gases which movement of the pressure differential piston which
propell the projectile out of the barrel are produced in 30 occurs during its return stroke. This is done if necessary
the combustion chamber by means of two liquid fuel by additional injection of a further partial amount of the
components which react hypergolically with each propellant components during the last portion of the
other. In this construction, the injection of the fuel is return stroke and during an initial phase of the working
initiated at the forward end reversing point of move- stroke movement of the differential piston. By provid-
ment of the pressure differential piston and part of the 35 ing a pre-injection, the ignition delay time will still
fuel components are conveyed or injected into the com- produce an ignition in the end phase of the forward
bustion chamber by means of the existing pressures of movement of the pressure differential piston so that the
the supply containers or tanks. The reaction of the fuel ignition delay time will not constitute an unavoidable
components produces a combustion pressure build up in dead time or lost time. The invention provides an addi-
the combustion chamber which acts against the front 40 tional important advantage over the prior art in that as
ends of an annular side ring of the piston to move the soon as the pressure differential piston has reached its
piston backwardly after it overcomes an initial counter- front dead end position, a certain pressure will already
face which is caused by a pressure medium. In so doing, be built up ahead of it without requiring any delay or
the previously injected fuel components are put under staying time of the piston in the front dead end position.
pressue by associated ring members or portions of the 45 Due to this pre-pressuring of the combustion chamber,
pressure differential piston which move in an annular the differential piston will be pushed backwardly at
spaces or distribution chambers to cause the compo- high speed into the working stroke. Additional fuel is
nents to be directed into the combustion chamber. At injected through the pressure differential piston into the
the same time check valves or non-return valves are combustion chamber. The pressure gas cushion which is
automatically closed in a direction toward the fuel con- 50 produced by a pre-injection into the combustion cham-

• tainers. Since the front annular end face of the differen- ber forms a spring which elastically brakes the forward
tial piston which faces to the combustion chamber is return movement of the piston.
larger than the end faces of the ring portions which act The control of the pre-injection is affected by the
on the fuel distribution chambers, a differential action movement of the differential piston itself and is advanta-
sets in whereby the injection pressure at any given mo- 55 geously carried out by means of push rods having ends
ment is larger than the respective inner pressure of the which project into the cylinder space and are contacted
combustion chamber. by ring portions of the piston and displaced to permit

* In order to obtain favorable inner ballistic conditions opening of the passages for the particular propellant
it is, in accordance with the theory of shooting, neces- components so that they are sprayed into the combus-
sary that the pressure gases which are produced by 60 tion chamber under the container pressure, or the push
combustion of the amount of gun powder which is rods actuate individual injection pumps which spray
weighed in the cartridges employed conventional fire this propellant components into the combustion cham-
arms, and which is employed to drive the projectile out ber under additional pressure. The arrangement is such
of the barrel, must reach a high starting pressure in that there is no lost time in the operation of the differen-

• order to impart to the projectile and an initial accelera- 65 tial piston and in addition a greater initial acceleration
tion which is large enough so that a high muzzle speed of the pressure differential piston is carried out and an
is attained. The known fire arm which operates on a increase of the shooting frequency is obtained. Due to
pressure differential combustion chamber principle for the advantageous arrangement the constructional

t Smm ~ lmna.nmmta =a mmmwa m, -. . .
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length of the combustion chamber may also be short- 16 and 17 include ball valves 70 biased to a closed posi-
ened. tion by springs 72. The pressure force of the spring 72 is

Accordingly, it is an object of the invention to pro- overcome during the upward movement of the piston 2
vide a driving force generating system using a pressure on a working stroke by the collapsing of the respective
differential piston movable in a combustion chamber by 5 annular chambers 15 and 14, for the fuel and oxygen
the combustion gases generated between and acting respectively, caused by this upward piston movement.
during its movement to pump propellant components The nozzle means 16 are connected to the supply
into the combustion chamber and also including means through an annular passage 18 which is defined in the
for directing an additional amount of propellant compo- bottom 3. The discharge of the nozzle means 16 and 17
nents into a combustion chamber just prior to and dur- 10 is oriented obliquely so that the spray streams intersect
ing an initial portion of movement of the piston in a and provide mixing of the components adjacent the
working stroke. point of introduction to the combustion chamber 58.

A further object of the invention is to provide a driv- In accordance with a feature of the invention a rapid ,
ing force generating device which is simple in design, increase in the pressure within the combustion chamber
rugged in construction, and economical to manufacture. 15 58 is obtained during the return downward movement

The various features of novelty which characterize of the piston 2 in order to provide a rapid build up for
the invention are pointed out with part of this specifica- the working stroke in the upward direction. To accom-
tion. For a better understanding of the invention, its plish this, means are added to the combustion chamber
operating advantages and specific objects attained by its for effecting a rapid build up of a force in the form of a
use, reference should be had to the accompanying 20 pre-injection or predetermined amount of fuel and oxy-
drawings and descriptive matter in which there are gen carrier. For this purpose, the walls of the combus-
illustrated and described preferred embodiments of the tion chamber 58 are provided at a plurality of spaced
invention. locations around the periphery and above the bottom

dead center position with injection bores 19 and 20
BRIEF DESCRIPTION OF THE DRAWINGS 25 which extend obliquely relative to each other in order
In the drawings: to provide a whirling impinging effect of the injected
FIG. 1 is an axially sectional view of a fire arm con- propellants. Annular passages 21 and 22 which are de-

structed in accordance with the invention; fined in the cylinder walls communicate with the indi-
FIG. 2 is a partial axial sectional view of another vidual injection bores 19 and 20 respectively and they

embodiment of fire arms; 30 are supplied from the propellant containers 8 and 9 4
FIG. la is a section taken on the line la-la of FIG. through connecting lines 24a, 24 and 23a, 23 respec-

1; and tively. The passages 24 and 23 are closed by a surface of I
FIG. 3 indicates a pressure-path diagram of the com- a respective push rods or central rods 25 and 26 which

bustion chamber system. are slidable in axially extending passages of the cylinder

GENERAL DESCRIPTION OF THE 35 1. The control rods 25 and 26 project into the annular
PREFERRED EMBODIMENTS space 62 and dhey are contacted by the ring portion 7 of

the piston 2 during its downward movement and moved

Referring to the drawings in particular, the invention against the force of a spring 74, which is retained over
embodied therein in FIG. 1 comprises a driving force a nut 76 threaded into the cylinder 1, to move the rods
generating system in the form of a fire arm generally 40 downwardly during this downward movement of the
designated 50 which includes a barrel portion 52 having piston. When this downward movement occurs associ-
a bore or passageway 54 for the passage of a projectile ated slot passages 25a and 26a are moved into alignment
30. The barrel 52 is formed as an extension or as a sepa- with the passages 24 and 23 respectively to open these
rate piece extending outwardly from a tubular member passage to admit the associated propellant components
or cylinder generally designated 1 which defines a cen- 45 to be sprayed into the combustion chamber 58.
tral combustion chamber 58 and annular differential The operation of the device is as follows:
pressure chambers 60 and 62. The end of the cylinder 1 During the return movement of the differential pres-
is closed by a fuel passage plate member 64 anti a fuel sure piston 2, in a downward direction as viewed in the
passage disk 66. drawings, it reaches the point in the drawings at which

In accordance with the invention, a pressure differen- 50 is it spaced by a distance X from a ledge 80 of the cylin-
. tial piston 2 is arranged to slide in the combustion chain- der. At this location it contacts the tops of the associ-

ber 58 and it includes a bottom or end face portion 3 and ated push rods 25 and 26. The distances X (return) and
an annular rear portion or ring 4 which moves in the Y (working stroke) may be equal or of a different
passages 60 and 62. In addition, the pressure differential amount depending upon the of combustion characteris-
piston 2 includes an inner guide pipe portion or cylindri- 55 tics which are to be obtained. Upon further downward
cal portion 5 which is spaced radially inwardly from an movement of the piston 2 from the position indicated in
outer skirt portion 6. FIG. 1 the push rods 25 and 26 are moved downwardly

The propellant components, for example, a liquid fuel so that the supply bores 25 and 23 are opened for the
and an oxygen or an oxygen carrier, are stored in supply discharge of the associated propellant components into
containers or tanks 8 and 9, respectively. The respective 60 the combustion 58. By such an introduction of the pro-
tanks 8 and 9 are connected, through axially elongated pellant components the pressure will rise in the combus-
passages 11 and 10, valve means in the form of plate tion chamber during the end phase of movement of the
valves 68, and further passages 12 and 13, to respective piston 2 and its return stroke, so that as the piston ap-
annular distribution chambers 15 and 14 which vary in proaches a reversing position at the bottom dead center,

* size in accordance with the position of the piston 2. The 65 a certain pressure p1l is exerted on the pressure differen-
piston bottom 3 carries associated bores and nozzle tial piston 2 which imparts to the piston an immediate
means 16 and 17 for the fuel and oxygen spray deliveries starting acceleration for its working stroke. At the same
into the combustion chamber 58. The nozzle means and time, the fuel injection from the nozzles 16 and 17 be-

IA
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comes greater. During the initial upward movement in comprising wall means defining a combustion chamber,
the working stroke, comparable to the phase distance Y, a piston movable in said combustion chamber, propel-
an additional amount of propellant is injected from the lant component supply tank means, pump means con-
preinjection bores 19 and 20 because the control slots nected between said supply tank means and said com-
25a and 26a will still be partially aligned with the pas- 5 bustion chamber and being operable by movement of
sages 24 and 23 respectively. Thus the inertia pressure is said piston in a working stroke to deliver propellant
still further increased. After the end of the return move- components into said combustion chamber, additional
ment and during the beginning of the upward move- propellant supply means connected between said pro-
ment in the phase Y of the working stroke the pre-injec- pellant supply tank means and said combustion chain-
tion and the additional injection will be interrupted by 10 ber, nozzle means associated with said supply means for
the complete return of the push rods 25 and 26. In the discharging the propellant into said combustion cham-
further course of the working stroke the additional ber, a control member disposed in the path of said pis-
propellant which is injected by the nozzle means 16 and ton, a spring biasing said control member in a direction
1 7 will also be discontinued, to project it into the path of movement of said piston,

In the embodiment indicated in FIG. 2, similar parts 15 said control member being contractable by said piston
are similarly designated for a driving force generating in a return movement to move it against the force of
system generally designated 82. In this arrangement, the said spring to cause the discharge of propellant from
differential pressure piston 2' actuates, with an annular said nozzle means for directing an additional amount of
piston portion 7', drive pushers 27 of one or more injec- propellant components from said sLpply tank means
tion pumps generally designated 28. The pumps 28 in- 20 into said combustion chamber toward the end of the
clude a spring 84 which urges a pusher 27 upwardly and return movement of said piston, including propellant
it includes a pumping space 29 which communicates component passage means defined in said piston and
with suction passages 23' and 23a' and discharge pas- said walls means for delivering propellant components
sages 20' which are connected with combustion chain- through said piston into said combustion chan-ber, said
ber discharge nozzle means 86. 25 piston and said wall means defining a pumping chamber

In each embodiment the pressure gases which are therebetween connected to said component supply tank
formed due to the combustion within the combustion means and providing a pumping action in respect to said
chamber 58 or 58' drive a projectile 30 which has been chamber by movement of said piston during a working
inserted by means of suitable loading devices (not stroke and comprising said pump means.
shown) into the barrel 52. The projectile 30 is moved 30 3. A driving force generating system, for propelling a
out of high muzzle velocity according to the laws of device such as a projectile comprising a tubular member
inner ballistic. defining a central combustion chamber which is

As a starting position or rest position, there is pro- adapted to be connected at one end to a fire arm barrel,
vided a reversing point of the pressure differential pis- a piston slidable in said combustion chamber, end plate
ton 2 into which the piston is brought in each case by 35 means closing said tubular member and defining at the
means of a spring (not shown) which acts in the direc- rear of said piston a plurality of pumping chambers
tion of the arrow Y. A ring spring 31 forms a rear abut- which collapse upon movement of said piston in one
ment for a pressure differential piston 2 for reversing direction and enlarge upon movement of said piston in
the piston from the upward working stroke to the said opposite direction, means for supplying individual
downward return stroke. The forward working stroke 40 propellant components to respective ones of said chain-
movement of the pressure differential piston 2 is also bers, passage means connecting said chambers to said
aided by the pressure of the tanks 8 and 9. combustion chamber for injecting said propellant com-

What is claimed is: ponents into said combustion chambers during the
1. A driving force generating system, particularly for movement of said piston in which the pumping cham-

propelling a device such as a projectile in a fire arm, 45 bers are collapsed, a plurality of control members of a
comprising wall means defining a combustion chamber, number corresponding to the number of propellant
a piston movable in said combustion chamber, propel- components disposed in a path of movement of said
lant component supply tank means, pump mcans con- piston and engageable by said piston duri,.g the return
nected between said supply tank means and said com- stroke thereof, and additional propellant component
bustion chamber and being operable by movement of 50 injection means for each of said propellant components
said piston in a working stroke to deliver propellant connected to said control members and being actuable
components into said combustion chamber, additional by movement of said control members by the return
propellant supply means connected between said pro- movement of said piston to provide an additional injec-
pellant supply tank means and said combustion chain- tion of propellant components into said combustion
ber, nozzle means associated with said supply means for 55 chamber.
discharging the propellant into said combustion chain- 4. A driving force generating system, according to
ber, a control member disposed in the path of said pis- claim 3, wherein said control members comprise elon-
ton, a spring biasing said control member in a direction gated rods having a passage slot defined therethrough,
to project it into the path of movement of said piston, said injection means including a conduit connected
said control member being contractable by said piston 60 between a prorellant storage tank and said combustion
in a return movement to move it against the force of chamber, said control rod blocking said conduit but
said spring to cause the discharge of propellant from having a slot therein which may be aligned therewith
said nozzle means for directing an additional amount of when moved by said piston to provide passage of the
propellant components from said supply tank means propellant component through said conduit and into
into said combustion chamber toward the end of the 65 said combustion chamber.
return movement of said piston. S. A driving force generating syste, according to

2. A driving force generating system, particularly for claim 3, including a gun barrel connected to said con-
propelling a device such as a projectile in a fire arm, bustion chamber at the end opposite to said piston and
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adapted to contain projectile which is driven by the pump, a drive plunger member for said pump having a
generation of combustion gases in said combustion portion exposed in the path of movement of said piston
chamber, and a return spring carried at the opposite end and being movable by said piston to pump a propellant
of said cylinder from said gun barrel and engageable component into said combustion chamber.
with said piston to urge said piston in a return move- 5 7. A driving force generating system, according to
ment direction. claim 6, including valve means connected to said pump

6. A driving force generating system, according to for facilitating inlet to said pump and discharge from
claim 3, wherein said additional propellant component said pump.
injection means comprises a propellant component * *
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2,965,000
United States Patent Office P dD. 2,,0

2
is to maintain c predetermined minimum working pres-
sure in the combustion and pressure chambers at all times

2,965,000 during the operation of the gun by feeding hypergolic
SPliquid propellants into the combustion chamber &.. pre-
LIQUID PROPELLANT, REGENERATIVE FED deter. inod rates to produce this pressure and conveying

AM) RECOILLESS GUN 6this pressure into a pressure chamber at the rear end of

Le.sie A. Skinaer, SJ24 Nebraska Ave. NW., the shell feeding maz.ine tube behind a piston therein
Washingtun, D.C. for feeding or advancing the projectiles forwardly toward

Filed Nov. 7, 1951, Ser. No. 255,94 the gun barrel oc tube, a pressure regulator being pro-

10 vided in the magazine tube for maintaining the pro;ectile
8 Claims. (Cl. $9-1.7) feeding tube pressure at a predetermined value which is

(Title 35, !. Code (1952), s. 26) slightly higher than the minimum combustion chamber
(G-nted nder ie .pressure, whereby when a projectile is fed forwardly by

the above diffirential minimum pressures into the gun

The inventon herein described may be manufactured 15 tube the projectile will temporarily block the Suit barel

and used by or for the Government for governmental to permit the combustin chamber pressure to build up

of sny royalty thereon. to a predet-mined maximum working pressure for
purposes Without payment tome driving the projectile through the gun barreL The cx-

1hishaust nozzles at the rear ends of the rearwardly extending
marily for use in military aircrat, employing liquid
prope"ants and has fer an object the provision of a gun 20 exhaust tubs from the combustion chamber are so pro-

having simplicity of design. light-weight, high cyclic rate portioned relative to the area of the gun barrel to mini-
mize the recoil caused by gases being discharged for-

of fire, employing large caliber shells and having a formsuitd epecillyto fxedmouningin arcr4 haing wardly through the gun barrel following each discharge
suited espe-cially to fixed mounting in aircraft, having of a projecE'le or shell]

convertional gin accuracy of fire with very low or com- a trojects an a g f i o l

plete lack of recoil. S5 Other objects and advantages of the invention will be-

The invention utilizes a thin walled gun tube or batel come apparent from the following descrip:ion taken in

connection with the accompanying drawings in w.ich likeand employs liquid propellants of the hypergclic types reference characters refer to like parts in the several
for creating the operating pressures for discharging the gures.

projectiles from the gun barre: or tute and actuating the

repeated firing or automatic operaticnal cycles of the 30 Drawings

sun. The gun includes enlarged gas or combustion and Figure I is a somewhat schemazic longitudinal sectional
pressure chambers at the inner end of the gun tube with view through an improved gun construction incorporating
gas exhaust conduits or tubes extending rearwardly from my invention.
the pressure chamber having restricted gas discharge Figure 2 is a schematic longitudinal sectional view
nozzles at the r rear ends ior counteracting recoil. 35 through a slightly modified form of liouid hypergolic

IF A projectile feid;ng magaz;ne is cennected at its rear propellant actuated gun, incorporating my invettion.
end to the combustion chamber by a pressure -upply con- Referring to Figure 1. the reference number I d-noies
duit for ir.troducing pressure chamber pressure into the a combustion or fuel mixing and burning chamber having
projectile feeding tube behind the projectiles so as to feed 40liquid propellan supply conduits 2 and 3 ccnneed
them into the gun tibe one at a time, a check valve being thereto for supplying hypergolic propellants into the
hiterposed in the connection, a pressure regulator being combustion chrmber I in desired quantities or at Aesired
provided to control the maximum projectile feeding pres- rates. Suitable control valves 23 and 3Q may be provided
sure. Holdine means is rrovided in the feeding t:te for for controlling the rates of deiivery of the propaliants into
retaining the projectiles in the fecuing tube against rear- 43 the combustin chamber 1. These valves may be of t
ward movement while projectiles are being discharged conventional prrssure controlled or regulated types.
from the gun barrel or tube, also while pressure is built The combustion chamber 1 surrounds the forward end
up in the gun tube for subsequert discharge of a projectile of a projectile or shell feeding tube or magazine 4 which
therefrom, is a-uped :o r.ceive a .iurality of prijectiles or cxpl-sive

The max:,Ium regulated pressure in the rear evd of 50 shells 5, the length of the tube 4 being deftrmined by he
the projectile or shell feed:n; magazine tube is employed, netniber of projectiles to be handled therein. Latch or
fillowing a dischirge of a rrojectile er shcll from the gun holdiug means 6 is provided for .ngagerent with the first
tube, so that when a recuction of the pressure in the of the shel. 5 in the magazine tube 4. preferably at its
combustion chamber below the pessbre in the tube occ-ws rear end, to nrevent rearward movement of that shell
the diffe'ential presnire projects a fresh shell from the 63 ouce it his been advanced into the iorward end of the
feeding tube into the gun tube. magazine t -be. A & piston or follb.er mcmber 7 is dis-
Means are provided for introducing hyptrgolic iiquid posed in te rear end of "he magazine tube 4. stop means

propetlants. such as aniline and an oxidizer ,uch as 3ic I being disposed in the magazine in the rear of the
acid. or H20 and alcohol and water, or NO plus alcohol piston 7 to prevent rearward travel or the piston beyond
or NO2,. ur Hydrazine (N-.H4), or H2O tnd NH, or many so the position shown in Figure i leaving a gas pressure
others of adequate energy and logistic properties, into chamber 9 between the piston 7 and the rear end of the
the combustion cha mber to build up and ma;ntain the magazine tube 4. A maximnun :essure regulating vive
projectile dischar~inp pressure within the gun tube and 10 is disoosed in :he closurc for the rear end of the
preurre chamber and to mvntain a ptedetermined pres- tube 4, this valve is %a dused to limit the ma.imum pres-
sure differetial betwren the combustion chambe r and sure in tho chamber 9 operable against the piston fol-
the shell feeding magaine for feeding a projectile from iowc, 7.

Ports or apertures 11 are formed in the front end of
the magazine tube into the gun tube eac timse c projectile Ie magazine tube 4 and lead from the combustion
is discharged horn the gun tube or barrel, means being chamber I through the front end of the magazine tube 4

a also provided for storing up an initial gas pressure for T into the gun pressure chamber 12. the front --rnd of the
initiating tne firing cycle of the gun. pressure chamber 12 baving an openiug 13 in commuuni-

The principle of operation of my automatic gu device cation with a u tube or bandi 14 disposed in axa



alignment withi t'le magazine tube 4 with its rear end in sujitably regalatAd ratios these bums, causing the pmes-
spaced from the forward end of tlhc magazine tube 4. sure to rise quickly in the gin pressurc chamber 12,
Pro,;ectile or shell guide 'ears JL5 may be provided to for ins*.ance to perhaps 10,000 pounds per square inch.
bridge the p.p between the adjacent spaced ends of the This presstire becomes effective to drive the first pro-
magazine feeding and gun tubes 4 .Lnd 14 for guiding the uJectile 5 out of the -un tube at !igh velocity and 'tue to
shells icto the breech end of the- gun barrel, the continued inflow ef the propellant components this

Exterlaing rcarwardly at opposite sides of the magazine preSSUre remains at near that Constant Value throughout(tube 4, from the gun pressure chamber 12, is a pair of the passage of the shell S through the barrel 14. This
recoil absorbing exhaubt tubes 16, each tube having a pressure aL-o becomes effective, due to the rearward jet-
restricted discharge nozzle- 17 facing rearwardly. The 10 discharge of the pressure through the exhaust tubes and
exhaust tubes 16 function to reduce the recoil by opposing no7zes 17, to ex~ert forward thrust on the gun unit to
the recoil thrust r':essure of the gases from the comnbus- reduce or eliminate the recoil thruist causcd by the gases
tion anid pressure chambers 1 and 12 leaving the gun tube leaving the gull tube 14. the exhaust tubes 16 having sub-
14, Cie i!ozzles 17 constituting jet means facing rearwards stantially *he same cross sectional area -as that of the
for rroducing- forward thrust on the gun unit as a whole 15 gun bariz! 14. After the shell leaves the barrel 14 the
in proportion to :he pressure within the gun pressure pressure in the. barrel and com~bustion chamber 1 dtops,

6:_chamber 12. but the rate -)r quantity of propellant fiosv is substan-
The magazine or shell feeding tube 4 has a gas inlet tiai~y constant en~i iS such as to still maintain a consider-

port 18 located adjacent the rear end thereof between Wbe pressure in the pre-sure chamber 12 of say about
the piston member 7 and the pressure regulating valve 20 5,0100 pounds per squara ich.
10. A gas supply or pressure conduit 19 is connected Gas under pressure in the meantime is being bled
to this gas iclet port '8 at one end Prnd at its other end through the conduit 19 and check valve 20 into the gas
to the ccirbustcon chambzr. I and contains a check chamber 9 and its pressure is immediately relcascd down
valve 20 opening toward the mragazine tube, permitting to the slightly above the minimum gun pressure chamber
gas aid pressure to p~ass from the combustion charmber 25 pressure, say about 5,200 pounds per square inch, there-
I through th-. condu it 19 into the magazine tube 4 be. by rebuilding the pressure chamber in 9 to its original
hind the follower piston memnber 7 but preven~ting leak- 52,)0 pound value following the increase in volumne of
age or tas or pressure in tile opposite direction through this chamber by one shell, due to the expenditure of
the port 1s. The combustion chamber I a!so. has a gas one shell. Whien the first shell 5 leaves the muzzlc and
or press,-re lis. arge pollt 21 in ceimmunication viih a 30 the rases are exhausted both fore and aft froin tubes
gas delivery coniduit 22 having- a control valve 23 there- 14 and 16 the pree-sure in tbe ccmntstion chamber 1

4in, th: condjit 22 beirg zonrected to an enlarged pre-s- and in the gun pressure chamber 12 drops to the pre--
sure ssorav: chamber 24 disposed in para*lei relation dcierled Pdiriumt say abcat 5000 pounds per square
at one side of the g'.,n barrel ;4. Tihe pressure !torage inch, permitting the higher regulated pressure of 5200
chamber 24 coo'pri~cs a cylinder having a Piston mem- 35 pounds per square inch in gas chamber 9 to force the
ber 25 arranged to travel therein intermediate its ends. A next shell or projectile 5 forwardly ino the breach of
cormuit 26 !s connected at one end to a p'ort 27 formeiJ th u arl1 n gi ls h u e 14, caus-
in the for-ward close:d end of the storage chamber 24, in; th: pressure in chamber !2 to again increase to tile
the cother end of this conduit 26 being connected to a maximum, or about 10,000 pounds as the second shell 5
port 28 in the wall of the gun barrel or shell 14, slightly 40 is discharged through the tube 14.
forward of the position occupied by a shell or proiect'.e Cylinders or tanks 30J and 31 containdig the com-
when it is first introduced into the gun barrel. Chfeck- pornts of the propeJLnt and pressurized and repien-
valve 29 is 'orated in, the cunduit 26 to permit gas and ishtd as to pressure in the same manner as is the am-
pressure flew from the pressure chamber 12 into t*he munit feed or magi.zine tube 4. As 'he shell 5 leav'es
pressure storage cte3mber 24 after the projeclle or shell 45 its initial seating position, in the bineach of the barrel
S in tte grn br-el moves forw-ardly and uncovers the 14 the port 28 in gin tube 14 is uncovered, and the
pcort 23. WMith the centrol va've 23 clos!ed, eac-h time- a higher pressure of say 10,000 pounds becomnes effective
pro et:ai~c 5 is uica~1from the gunl b -rrel 14 and il~e to pressurize th:: tas 30 and 31 to a suostantinally simi-

6port 28 -s L'rcovc'ed the combustion chambher prescure lar amount of Pressure. Fuel flow, once started is gov-
becr mes effcctive in the storae ie tube or chamber, 24 to -'0 ermed entirely by transient pressure ratios in the storage
move the pkton 215 to the left a; shmsn in Figure I chamber 24 ail! in the gas chamb~er 12.
to increase thea prcsurc in the pressure storaoge tube 24. The guta tube 14 i~s preferably relativzly long so that
This scored prs-s,!r- in chamber 24 provides ipeans for high velocities resust from the use of low gin barrel
4siseargine L5'e in ' inl rroj!ctlc or round 5 from the rressures. THis alao permits the use of a gun tube
mapcazine tub-e I into the bIreach of the gun barrel 14. SS Lavintg a relatively thin wall. Since hypergo!ic fuels are
when the cor'rol v.!ve 2.3 is initlally opened. Pressure proposed na separate iganition system' is required. The

4from the rLssur stornge chamber 44 can ealso Ihe used gun barrel may be rifled, also conical or c-yLndrital pro-
to Pressuri-e the hvapergolic liquid propellant supply Jectiles or shells 11:y be employed.
tanks, shown dia:,raramalical!y at 3G and 31 ',con- Referring to the slightly modified forrm of the inven-
nectir. the tanks 30) and 31 to the stornge chan, :24 go tion, as illustrzted in Figure 2, the reference number
by cordeics 30%1 ind 31, cach havingl a control valve 30, 35 denctes a combustion or pressure chamber having
apd Me therein contnected toa a common supply conduit hypergolic liq~uid repellant supply caladuits 30i and 37

32. connected thereto, one of the conduits, for instac,:e 36.
bIn the operation of tile gun shown in Fig-re i it will nupplyirng uel into the combustion cham.nber under pr.es-
beassumed that the magazine barrel or tuhe 4 has 65 Zure froen a supply tank not shown whilt the other ce-

been loaded. either throutzh its renr end by removal of euit sur-plies the liquid oxidizer comPponent into the
the pressured regulator device or througl, a loading port comlnustion charnber under pressure from a suitable oi-
in its side. Opening oi the valve 23 admtits pres-ure to dizer tank (not shown). The bypergolic fuel rnd oxi-
the conmbustion chamber 1. This pressure, through th.- dizer liquid components are supplied at predetermined
conduit 19, creates pressure in the chamber 9 at tie To rates under the control of suitable valves and p.ressure
rear end of the magazine tribe 4, causing the piston regulators to maintain a predetermined minim-um work.
nnumber 7 to advance the first projecile or shell 5 into in," presture in the combustiotn, fot example of 3,000
the rear end or breach portion of the gun barrel 14. pounds per square inch.
Whien the I-yprgolic liquid propellants from the tanks Extecdacg ferwandly from the front end wall of the
30 and 31 are admitted into the combustion3 cbcmber 1 73 combustion cbamber 35 is the San tube or barrel 38
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h * while a recoil absorbing exhaust tube 39, having a ;.nilar excess 100 pound pressure in the pressure chamber 3.5 anti
cross section to that of the barrel 38, extends from the the firing operation of the Eurt is repeated %until the tAil
combU-ion chamber in the opposite direction, a restrict- magazine is empt.
ed eXhaust nozzle being forr'cd on the rear end of the Althouri two specific cmbcdii'ients o~f the inverition
c.xbw-ust tube 39. 5 have been descri'hed above and shown 'Lt *he accomcanyizF7

Hmr-lcliquid propellants arc fed into the combus- drawings, it will be n-nderstr'od that ither embodliments
Von haberatpre!determired uniform rtsor ratios to and modi.4raticirs will become ap.-arent to those s'duled

mair,*2_n the mizsitrurn predetermined pressure in the corn in the art. Accordingly, the foreza:n" disclosure is in-rbus~ien chamber of, for instance 3.000 rounds whien there tended to be il'.strative and is no, to be construed in a
is no rroectile or obstruction in the gun bars-el M. Urder 10 limiting sense as various modillcst'ons may be made with-
these conditions the .eases from the combustion chamnber out depardr.t from the ipirit of the invention as refined
discharge forwardly and dt the same timne rearwarly in the accompanyin~g c~cims.
thro-t- h Cie gun barrel and exhaust tu bes respectively, the I claim:
rearswardly extending exhaust tube discharge or thrust 1. Ir a hypTereclic liquid propellant gun, an elongated
oppo(siazg the rea2rward thr,'st caused by the gas discharge !5 combiustion charrber having front and rear ends, a gun
forwar-rty throug~h the g-un barrel 33. In other words. barrel prieecsi3& forwardly from the front enid of the
the exhaust tube discharge eliminates or counteracts the combustion chamber in commurnication therewith, a shell
recoil a.-tion of the gun tubt- discharge. Located in front feeding mazazine tube projecting rearwardh- front the rear
of the combustion chamber 3-5, and extendin? upwardly end of the combustion chamber in axial alig-n-nent with the
from the gun tube, is a proje-.ti'e &.uppiy and Feeding tube 20 gun barrel, in ccrimunication at its frent end with the rear
or tnaiazine 41. This tube 41 opens a, its lower end end of the corn ustion chamber, hyrergolic propellant
into the upper half of the gun barrel U~ at a slight distance supply means including condift means for supplying at
forwardi:J of the front end of thne combo~uti or pressuare least two bypgrgoiii propellats~ separately into the comn-
cb3m'-er 33. The tmagazint- 41 is sufficiently long to bustion chamber. at a predeterminen rate to be burned
coor-.a-n a desired number of projectiles or bntlls 42. and is 25 therein to pressr_-ize the combustion chamber, prezsurc

-preferably cylindrical to re--eive a piston member and operated means in said magazine tube for feeding she1s
gas s.-al 43. :,teans also being provided in the form of a from said magazine to be irto the r"z end of said gun
ratchet mem-rber or reversernotion check t-'evice 44 permit- barrel comprising a pressure conduit connected betwveen
tine movement of the piston 43 downwardly but resisting- the combus'ion cham'ber and the rear end portion of the
movement of the piston. and gas set]l or the projectiles in 30 razi2ne tut. to pressurize the tube, a check valve in said
the orosite or upward direction. Tohe upper portion of pressure conduit, and a pressure regulator in communica-
the macazne tube 41 is enlarged as shown it) the drawings tior with the rear end portion of the magazine, tube to
to prc--ire an eloagated pressure chamoer 45 having a mafo~in the bbell feeding pressure therein at a predeter.
rres-re regulator 46 in !he upper end thererf for con- mincd value dLuring operation of the gun which is greater
troiixng the maximurr pressure in the chamber 45 st, as to 35 than the minimum pressure within the combustion chain-
maintain the same at a slightly greater pressure than the ber when the gun barrel is empty- and less than the maxi-
mirimnum controlled pressure in the combustion chamber mum pressure in ilic combustion chamrber after the shell
35. fcr instance, to maintaiz pressure in the chamiber 45 is introduced into the barrel and before the same is dis-
at 3, P pounds per square inch. The chamber 45 L-, con- charged therefrom.
nected ta the combustion chamber 35 by _- * rlessure sapply 40 2. In a hypergolic liquid propellant operated gun. aIcond-,r: 47 having a check valve 48 therein, permiting combustion chamber, - gun barrel projecting forwardly
gas Sol-' fromn the comrbustioL chamber 35 irlo the pines- fromn the ccmbusti:ou charnber ir communication there-
sure cha-mber 45. with a Projectile feeding -nagazne tube projecting rear-

Oper-a!ion of the apparatus shown in Figure 2 is as wardly fromn the combusticrn chamber in axial alic-ament
follows: Asing that the riagazin tube 41 is loaded 41 with the gun barrel and in communication with the comn-
with aisof projectile 42 and the chamber -13 is pressur- bustion chamber for receiving a plurality of projectiles
ized i-'iaiy by some outside means, feeding for the first and fecding the same into the rear end gun barrel oue at
roun-d into barrel 38, to somre pressure iuhich is higher a :ime, an exhaust tube in corwmunication with the comn-
Ohar tbhe minimum presure Mn the combustion chamber bustion chamber intermediare the gun barrel and maga-
35 w'.h bo:h of the orifice;i or tubes 30 and 39 Open, Say 50 zine tube and discbzrg-.ng it diametrically oj'poste direc-
a presure of ?,100 pounds as is present in chamber .t5 tions to the gun barnal for absorbing recoil during dis-
as de~erined by the regui.ating, pressure valve 46, and that charge of p:-oject.*es from the gun barrel, a restricted dis-
the hype:rgo!ic propeilarts are! introdutced into the comn- cinrge nozzlJe at the rear end of said exhaust tube plural
bustion ct amber at rates to maintain a si*;htly lower pre- liypcrgelic lqid propellant supply means inldngpua
deterr'cci :uininaur pressure in the combustion chamber .j conzinit means t',erefrom connec-ted to tbe comItastion
of say 3.tKO, pounds while beth of the tubes3 38 and 39 chamber for ccntinuousyv feeding hypergolic propellants
are oe.The 'Urst bail 42 wh.-n released is forced down- separately into the combustion chamber at pressutres ia

-wardi.- irto the gun barrel 38 by the 3,100 pound.; prcs- excess of the maximum combustion chamber pressure dur-
sure h-enind it, acting on the one way pibton 43 and the ing operation of thi !gun, mneans for regulating the relative
column -if balls 41--41. The gun barrel 38 up to now So rates of feed of the hypergohE propellants into the eonm-
bc'in urder 3.000 per square ivch minimum pressure. As bustion cha.mber to preuetermin. the maximum bu~ild up
soon Ls the 1:-wt. ball 41 is forced ;nto the gun barrel 33 pressure therein when a pro~ectie is introduced into the
by -.he excess 100 pound pressure the flow of gas out of gun barrel to obstuct the combustion chamber discharge
the g,.; oarrel 38 is interrupted and pressure in !he com- therefrom through the gun barrel and determine minimum
btt-tia chamber. 35 now raises to a mnuch greater Limount 65 pressure Ln the .ombustion chamber, gun bacrel, and ex-
say a.-cut 6,000 pounds per square inch. This. is because haust tube, after the projectile has been discharged from
YLc p.opeliant fe-ed is constant and the orifice discharge the gun tube ard Weore another projectile i, introduced
area is reduced one:-hal! by the blocking of the gun btarrel into the gun barrel, pressure operated piston means in
by th.e ball 41. As soon as the ball is driven out of the said magazine t ibe for progressively feeding projectiles
gun tarrel .11 by the maximum 5,000 per square inch TO, fronm the magazine tube into the rear end of the gun barrel
built r;: pre'eurt, gas can ,;ain flay' otrt of both oific~v in-I.0".-ti~ 2 pressure chamber and pistomn member ia the
or tu-s 3IS and 39 and the pressure in the combustion rear end -tf the mat-azine tubhe in communication with the

*chamter 3! drops again ti, the originA. minimumn value of combiistion chamber and a pressu~re regulator in the me:a-
about 3.00J pounds. This permits tie feeding of the next zine tube ;ressure chamber for maintaining preature in the

ball in~o ;ne gu tube 35 from the m~agazine 41 under the I& magae tube behind sai piston MeaM above said mini.
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mum cobsinchamber pressure and below said maxi- the exhaast tubes discbarcic.- rzarwarely, a corlstion
mum combL.ttin chamber pressure, and ineats; in raid chamber surroundirg the Inner end of the nnagazine tube,
magazine tube for holding the projectiles therein against the forward end of said magazvne tune having pressure
rearward mov'ement during the time pressure in th; corn- discharge parts forme1 therethiough to rstatisth comn-
bustion chamber exceeds prcssure in the pressure ctam',er. 5 Muniication Lerween the combustion chanm!:)r and the

3. In a liquid propellant operated repeating gun, a gun presure chwamber throurh the forwasrd end of ite .'aga-
barrel, a combustion and pressure chan-ber connected zine rube. ,=l ;r bptl eIirg means disposed in the maga-qtO the rear of thc gun barrel in carnmtr.ation there- zine tube adjacert its forward cad ior engaging and hold-
with, a proictile feeding magazine tube extending rear. ing a projecti~e in the magazine lube against rearward
wardly in spaced axial aii~onmcnt to the rear end of the ]al movement Vhen the prcoecle is moved to a position-
gun bairre*. with its front en~d cp,!nir ; into said comnbus- adjaenet *-'a forward end of the tube, rearwardly of the
tion and pressure chamber, saidl r. z-gpzine tube bring paris in the tube. a pizton member movable ;- the tube
adapted to rec'eive a plurality of projectiles; therein, fnr advancing the projea.ties toward the front end of the
means in lte magazine tube for )reventing- rearwat.d u.te stop means in the tube for engapemnti with the
movement of the projectiles therein, a closure at the rear 15 riiton to prevent rearwarl movement thereof, pressure
end of the magazine tube, pressure regulat*ng rmans inl reguator means forming a clazuire tor the rear end ef the
cozaznunication with the rear end o: the magazine tube, tube, a presp-r. supply cenduit connected in communi-
a piston member disposed in the mLgazire tube for pro- cation with ,he combusu-an chamber at one end and
Jectile feeding cenggement with the rearmost projectile counected at its other end in ccsamunicati.an vwith thse
in the magazine tube, stop means in tl e magazine tube 20 interior of ihe magazine tube intermediate the piston
Iiins~ rearward movemnent of the pisto; i membier, a pres- and the pressure regulator, check valve means in the
sure supply Londuit connected between the combustio.- pressure supply eonduit opening toward the magazine
and pressure chamber and the rear por:ion Of the mnaga- tube connected end of Vise conduit, separate bypergolic
zine tt;'e intermediate said piston and the rear end clo- liquid supply connuits disposed in cornmunna_-ion with
sure, check valve means in said pressue conduit to per- 25 the interior of the combustion chamber for feedog! hyper-
mit pre ssurc flow from the combustion chamber into golic- liquid propellants separately into the combustion
the magazine tube rear portion, a pair of counter-recoil ch:-mber' and regulating means in said separi-te conduits
exhaus* tubes connected to the (opposi~e sides of) camn- for regulating relative the rateis of introducton of the
bustion and pressure chamber and extending rearwardly bypergolii liquid propellants into the combustion
at opposite sides rf the magazine tube in parallel spzced 30) c*-amber.
relation the-ero, ntsiricted exhaust nozzle means at the 5. Anzaratus as clrimed in claim 4 including a pres-
rear ends of the exh"aust tubes facing retrwardly, a pai sure cylinder having a pis.on therein, a pressure supply
of liquid propellant supply condu:ts conn'ected to the conduit connected at on,; end to the pressureC cylinder-
interior of the combustion chamber in spaced relation at cne s:ide of the pistor, and connectcd at its other end
to each ether fcar supplying liquid hyper-ciic propellants 33 in communication with the interior of the gun barrel
separated into the combustion chamber, means for re.-u- through a port in the Sun barrel iocated in advance
lating the reative rates of flow of the prope~lants into of the petitiVon of a projectile when introduced into the
the com bustion chamber to deter-mine the m',ximurn pres- projec.tile receiving end, said port bceing uncovered by
sure therein %v!-en the gun barrel is closed by the intro- the forw.;ard movement of the proJectile. from the projec-
duction of a pro*,:ctile into the gun barrel from the fnaga- 40 tile rece; ing end to establish communication between the
7,*nc tube, and to dLterm-ine the minimum pressure in !he last m=ennoned pressure suppiy conduit and the pressure
combus-ion chamber when the g-un bprrel is empty, a charn~er. a check valve =n said last mentioned pressure
pressure cdelivery conduit connected at one end in corn- !u;;;.y c-eduit opening toward the pressure cylinder, a
muniealoco with the interior of tb- gzun barrel adjacent rp:essure supply conduit connected between the pressure
its rear cnd, just forwzrdly of the position occupred by 45 c-iinier at the other side of the piston and the interior
a prc:,-:tlle 'ivh.n introdluced ins the rear end of the gun of the comnbustion chamber, and valve control means in
be -relI a prc-sure cylindtr he~Ving a piston theren, said lte last meationcd cond-uit for controlling pressure from
pressurze delivery conduit bei'ag cornected to the pressure the p;cssure ch.1mber to the combustion chamber.
cylxnc':r at one side of the piston, check valv'e means in 6. Apnaratus as claimed in claim 5 in which the pres-
the rressure delivery conit-it for admittirtg pressure from 50 sure re-7-ator means for the pressure in zhe rear of the-

ch gun barrel into the-- p.essure cylinder when the pies- magazinec tube in back of the piston therein comprises
sure t e:ivery conduit is uncovered by the passage of a mreans for maintaining a d iffrential pressure on the pis-
;!rojec*.ie forwardly from the re !r end of the gun bar- ton just mnentioned exceeding the pressure in the pressure
jel, a pressure supply conduit connected at one end to chamber when th.; gun barrel is empty and less than the
the conmbiast~on chamber and at its othfr end to taic pres- 53 pressure in the pressure chamboer when the gun barre! re-
sure cylinder at vie ether side of the p-ston therein, and ceives a projectile i iits receiving end.
control valve means in the pressure delivery conduit for 7. In z. liquid propellant gur. of the hypergolic type. a
c.:ntrolling the p~essure from the pressure cylinder into combustion chamber, a gurv barrel extending forwardly
said combustion and pressure. chamber, itherefromt with its rzar end in communication %~ith said

4. In a liquidi propellant operated repeating gun, a gun 60 combustion chamber, recoil absorbing exhaust tube
barrel having a breach end for receiving projectiles to be means extending rearwardly from the combustion chain-
discharged thrii:gh the barrel, a projec'ale supply inaga- ber in diametrically opposite direction fronsa thir pim bar-
zine tube fo-r the gun barrel. disposed in rearwardly sp:!ced rel and in comnmunication with the interior of the com-
relation to the breach end of the gun barrel in axial bustion chamber, exhaust nozzle means at the rear ends
alignort with the gun barrel, and adapted to contain a rS of the exhaust tube means discbarging rearwA3rdly, the
supply o-, proJectiles, an enlarged pressure chamber con- cross sectional exhaust area of snid rceil oborbing tube
nected to the: breach end of the -un barrel an-d the means and said gun barrel being substantiai~ly equal, by.
front ned of the magazine tuibe in communication respec- pcrgoLc fuel and oxidizer liquid propellant neans for in-
tivety witl- Lhe barrel and tube, a plurnlity of exha'ist troducing liquid hypergolic fuel and oxidizer 1Irope!lants
recoil tL'bes in communictiio with the pressure cnain- 10 into rte combustion chamber to Ne burned therein to
her and extending iearVwaJIlY tberefrom in parallel re- create a predetermiL-tcd minimum combustion chamber
lation to the magazine tube, the combined crossq see- pressure when the gun barrel is empty of proje&ctiles and
tional exhaust area of said exhaust tsebcs being substan- causing a predetermnined maximum combustion chamber
tially equal to thz cross sectional area of *tbre interior pressure where the gun barrel is blocked by a ptojectile
of the gun b~srrei, exhaust nozzles at the rear ends of Is therein, a projectile eding * tagazine tube counwred to
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the gun barrel through a projectile introducing port in ber to be mixed and spontaneosly burned therein to

W- the gun barrel adjacent the rear end cf the gun barrel, a pressurize the combustion chamber, a pressure supply
piston in said magazine tube for feeding projectiles fromi conduit connected from the combustion cL'mber to the
the magazine tube into the gun ba-rdl oic at a time, pro- pressure chamber to piessurize the pe.sure chamber
jectile holding means in said magazine tube disposed rear- 5 from the combistio chairber and check valve means in
wirdly of projectiles introduced the:ein for preventing said pressur: supply conduit opening toward the said pre.-
rear ard projectile movement of projectiles in the maga- sure chamber, whereby when the pressure in the combus-
zinc tbe, an enarged pressure chamber connected to the tion chamber increases da-ing the discharge of a projec-
magazine tube in rear of the piston therein. a pressure tile ihrough the barrel acd exceeds the pressure in the
regulator valve connected tI' the enlarged pressure chain- 10 pressure chamber, combustion chamber pressure is ad.
ber maintaining a maximum opcratin., pressure in said mitted to the pressure chamber to increase the pressure
enlar;ed pressure chamber greater than the minimum chamber pressure; and upon discharge of the projectile
combustion chamber when the gun barrel is empty and from the barrel, the barrel is vented and tiwre-by reaucis
less than he combustion chamber pressure when the gun .1,e combustion chamber pressure below the regulated
barrel is blocked by a projcctile frrm the magazine tu-, 15 pressure chamb:r pressure. and the higher pressure in the
a prss.'re surply conduit onnected at one end with the p-.isurt c.%mber at that time :s operative on the piston
intcrlu; oi the cembustion chamber and at its opposite me..ns t3 advance the projectil.s in the mtcazine tube to
end to the interior of the pressure :harnber, and check feec a fresh projectile into the barrel to charge the gun
valve rrears in said pressure supply conduit, opening to- banel and interrupt the vented discharge of the hyper.
ward saiJ pressure ch-mnber. g goli- combustion gases from the barre! aad combustion

8. In a hyp:-golic liquid prop:!!-nt Run, a gun barrel, cham'ber to build up pressure irk 'he combustion chamber
a combustion chamber in communication witi th rear in ezcess of the pressure chamber pressure for projecting
end of the gun barrel, recoil absorbing means coutpris- the fresh introduced projecti!e from the barrel and re-
in.- an exhaust tube in communication with said eom- chargizg the pressure chamber.
burtion chamb:r and extending therefrom in a di'ection 25 Refe.-uc.s Cited in the file of this patent
reara3'ard ,y of the direction of the gun barrel having a

- resiricted -xhf ust 'assage. a pro~ecti!e mag.z ne tube hay- UNITED STA7ES PATENTS
ing a proicctile delvery end :n communication with the 1.214.984 Apps et al .------------ Feb. 6, 1917
combustion ch:nber and t. e rear end portion of the gun 1.343.456 Jones - ----- June 15, 1920
barrel at i:s proiectile delivery end for guiding projectiles 30 1.620.994 Bustamente ----------- M Mar. 15, 1927
from the irnaazi.e tube i;i:o the saie rear cid portion of 2,088.503 Broussard ---- July 27, 1937
the gun barrel, piston means in the magazine tube in rear 2.129.875 Rost --------------- Sept. 13, 1938
of the projectiles when introduced in the magazine tube 2.445.326 Jawney -------------- July 20, 194
for ad'cncing the projecties toward the delivery end, i 2.474.183 Ki --------------- June 21, 1949
preecwa chamber in communication with the interior of 25
.hc moaeazin tube rearwardly of the piston member FOREIGN PATENTS
therein for supplying pressure to advance the projectiles 585.851 Germany ------------ Oct. 11, 1933
therein into the gun barrel, maximum pressure regulat- 405.645 Great Britain .........-Jan. 29, 1934
ing means for said pressure chamber, means to supply 594.577 Great Britain ..........-Nov. 14. 1947
hypergohc liquids separately into said combustict chain- 40 631.4M$ Great Britain Nov. 3, 1949
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3,380.345 4/1968 Nelson ................................. 89/7
(721 Inventor: Herman A. Myers. R.D. #1, Box 125.

Lake Lynn, Pa. 15451 Primary Examiner-Samuel W. Engle

1221 Filed: A prl 26. 1971 Attrney-Webb. Buraen, Robinson & Webb

1211 Appl. No.: 137,287 1571 ABSTRACT

The automatic weapon has a compression chamber with a
1521 U.S.CL ............................ ..... $9/7, S9/33 CA, 89/161 power outlet port aligned with a reciprocating barrel and an
[511 int. CI ................ F4111/04 intake port aligned with a carburetor. A belt carrying a plurali-
1583 Field of Seareb ................... 89/7, I, 161,33 R, 33 CA, ty of projectiles is fed between the reciprocating barrel and

89/33 BB the power outlet port. A shaft driven rotor and vane are offset
positioned within the compression chamber. The barrel, belt

1561 Refeream Cited and rotor are synchronized so that carbureted fuel is com-
pressed and ignited when the barrel has forced the belt to

UNITED STATES PATENTS sealably engage the power outlet port with a proje,:tie pen-

- 1.331,052 3/1920 Putnam ................ 89/161 ned in the barrel.

1,429,370l 9/1922 Putam ... .......... 9/16 X 1Claims, 5 Drawing Figures
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1 2

LIQUID FL.EL OPERATEDAUTOMATIC WEAPONS length of belt 13 in allgned relationship. The projectile 14 is
My invention relates to an article of ordinance add more co.n-shaped at its forward end in standard fa-hion and has a

particularly. to a iquid fuel operated automac wepo such rearward retaining iPnnsze 23 to hold it in place in right angle
as a machine gun. relationship to belt 13. The belt 13 also contains alined drive

The standard automatic weapon is operated by detonation 5 slots 29 along the belt edges. The belt must be made of a
of gun powder in a shell which propels a projectile secured material which can serve as a se.l for a sinde use and which
thereto. will not be disrupted by the residual heat, FIGS. 1. 2,4 and S.

My invention eliminates the gun powder, the shell and the A drive sprocket 30, the teeth of which engage the slots 29
detonator, thereby rendering the automatic weapon safer, of belt 13, is positioned to drive the belt 13 between the power
more transportable and. in general, far more versatile than ex- 10 oitlet 1S and the barrel 12. An idler sprocket 31 positioned on
isting automatic weapons. the opposite side of belt 13 from the drive sprocket 30 main-

In the accompanying drawings. I have shotwn one preferred taL-is the belt 13 in cooperation with the drive sprocket 30 and
embodiment of my invention in which: in proper alignment for feeding. Both the drive sprocket 30

FIG. I is a schematic of my automatic weapon; and the idler 31 are spooled to engage the slots 29 of the beltFIG. 2 is a partial broken away view showing the operating IS while at the same time maintaL-,ing clearance for the projectilemechanism 14. The drive sprocket 30 is connected by shaft 37 to a timing

FIG. 3 is a plan view partly broken away to show the operat- linke formed by linkage means 46 and cam 32 positioned
ing mchanisa along shaft 19. Tuming linkages are well known in the art and
means; and 20 the particular type of timing linkage does not form a part of

FI aan vmy invention. The belt 13 is operated in synchronization withFIG. isaplanviewofthe belt. the recprocation of the barrel 12 and the rotation of rotor 18
My automatic weapon will be generally referred to asma,-hi~ ipm10,al~: d;it i e reognzedthatvarous and is timed to be r'aionary when the barrel 12 is in a closed

marhine gun 10, although it will be recognized that various poion G.2ad4types of automatic weapons in addition to machine gu a pos/tion, FIGS. 2 and 4.
be of€utom ticweapons in a ddce ition to ahineoMY 25 My machine gun works as follows. The carbureted fuel en-
betee the compreion chamber 11 through the intake port 17.

Machine gun 10 includes a compression chamber 11, a Thecarbureted fuelisthencompressed wthinthechamberl l
reciprocating barrel 12 and a belt 13 carrying the proie.;tiles 'Me ane 21 ich o pres with i the hmbere11
14. The chamber 1 I has a cylindrical inner surface formed by by the vane 21 which rotates with rotor 18 to reduce the effec-
wall 16. Communicating with chamber 11 through waL 16 is tive space between the vane 21 and rotor IS and the chamber
intake port 17, power outlet port 15 and sp -k plug 38 which 30 wall 16. This reduction in space resuits from the off. et posi-
extends through wall 16 into the chamber 11 at a point sub- tion of rotor 18 with respect to wall 16. When the carbaireted
stantially adjacent the power outlet port IS. Chamber 11 is fuel has been adequately compressed, the spar plug operated
air-cooled by fins 32in aknown manner, FIGS. I and3 by a magnaeto (not shown) ignites the rrdxt.ie. At this time,

A rotor ISis mounted on a shft 19 ad i d in t the barrel 12 is in its c;osed position so as to engage the belt 13
chabr i so thate shat 19 as a stan' in~is ondnc te 35 which, in turn, se..iably engages the power outlet IS in the

power outlet port 15. However, the rotor 18 is offset in te chamber wall 16. As stated hereinbefore, the timing linkage
chamber 11 so that it is substantialy adjacent the interior wall operates so that th, belt is stationary in position when the bar-
16. Rotor 18 has a slideway 13 above the s.iaf t 19 in.o which rel 12 reaches its closed position. As explosion takes place.
an extensible vane 21 is sid~ab!y poasitioned. Vane 21 is eXten* the projectile, which is aligned in front of the power outlet IS
sible by means of a spring load 35 which forces separate and within the barrel 12. s prpelled outward. The exhaust
section 33 outward to sealably engage the interior of wa!l 16 gases exit the barrel through the exhaust ports 34.
as vane 21 rotates along 'it% the rotor 18. The s!idible en- Conrnued rotation of shaft 19 opens the barrel 12 and the
gagement of vane 21 in slideway 20 of rater 18 and the exten- next projectile 14 on belt 13 is positioned in alignment with
sibility of end section 33 pe-mits a costant and continuing 45 power outlet 15. V.whie this is taking place, the next charge of
seaabiloe d elation bewe nits i .tnterrowal a nd thn 4carbureted fuel has been drawn into the chamber 11 by thecvane 21 at both ends of the vane 21. FIGo 2 and 3. vacuum created by he moving vane. The ff-ing rate is, there-

A carburetor 22 is connected to the intake port 17 and pro- foe. 2 times for every revolution of the shaft 19. Therefore, if
vides a carbureted liquid fuel, such as gasoiine, thereto. The shaft 19 is driven a: 2,500 rpm, 5,000 rounds/min. can be
air and fuel means feeding the carburetor 22 ame not shou-n 50 fired. The rate of fre is controllable by gearing down the
and do not form a part of this invention, motor 23 to control the revolutions per minute of the shaft 19.

Shaft 19 extends downward to and is driven by motor 23. C.utch 24 is employed to enga e or disengage the shaft 19 and
* Motor 23 may be a gasoline operaed motor, an electrical motor 23 and thereby control the firing of the weapon.

motor or any other type which will rotate shaft 19. Friction I claim:
clutch 24 is positioned along shaft 19 in the standard manner 55 1. A liquid fuel operated automatic weapon including.

* to permit engagement and disengagement of shaft 19 to motor A. a compression chamber having an intake port and a
23, FIG. 2. power outlet port;

The reciprocating barrel 12 is supported by barrel rest 25 B. a carburetor mears connected to the intake port to
which connects to a stationary member such as compression supply carbureted fuel thereto;
chamber 11, FIG. 2. Barrel 12 is positioned in alignment with 60 C. compression means within the compression chamber to

6 ithe power outlet port IS v'.ich is built up to have its forward ;lace the carbureced fuel in a compressed state in the
face pmallel to the rear face of barrel 12, FIG. 3. Barrel 12, a.ea of the power outlet port;
which is free to reciprocate within barrel rest 25, is operably D. ignition means cooperating with the chamber to fire the
connected by barrel bracket 47 to the cam 26 on shaft 19. carbureted fuel;
This connection is frmed by cam 26 contacting roller 48 65 E. reciprocating barrel means positioned in operational
which is connected to the spring 40 positioned between roller alignment with the power outlet port
48 and bracket 47 to ase the desired reciprocation of the F. belt means having a plurality of aligned projectiles
barrel 12. Cam 26 operates to reciprocate barrel 12 in securd thereto;
synchronization with stor 18 a will be explained in detail G. feed means connected to the belt means to feed the belt
hereinafter. BDarel 12 Includes a plarsity of exhauast ports 34 70 between the barrel and the power outlet port; and
therealong. Decaume of rapid firing, the barrel should be ealy H. synchroniing meas connecting to the barrel and the
replaceble, but thi c be accomplished by standard moun- feed means to position a projectile in line with the powe
ing meant, FIGS. I-. outlet poft and the barrel against the belt means to

The pjectile 14 itpujy beld nto bek 33 through a Mc- wealably engage the power outlet port when the ignition
tional push AI arrangement in holes 27 which extend along the 75 ma fire

6-
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2. The automatic weapon of claim 1 wherein the compres. cone- haped forward section and a flanged rearward aection

sion means inc:udes a shaft driven rotor offt.et positioned ad- to rnai'ntain the projectile on the belt normal thereto.
jacent an interior compression chamber wall and an adjustable 7. The automatic weapon of claim 2 wherein thi feed means
vane cooperting %ithu the rotor and the chamiber wall to com- includes a drive sprocket and an idler sprocket positioned on
press the carbureted fuel therebetween. 5 opposing sides of the belt means.

3. The automatic weapon of claim 2 wherein the rotor has a 8. The automatic weapon of claim 2 wherein the
slideway therethroe.h and the vane is positioned in the synchronizing means includes two cans positioned on the
slideway. said vane being extensible to sealably engage *e shaft which rotates the rotor, one cam connecting to the barrel
chamber wal at both ends of the vane at all times, to cause reciprocation thereof and the other cam conrecting

4. The automatic weapon of claim 3 wherein the extensible 10 to the feed means as part of a timing linke.ge.
v vane inc!Lves a spring loaded outer section which is con- 9. The autontic weapon of claim 2 wherein a motor means
tinuz-ly forced outwzrd to scalably eng-ge the chamber wJ1. connecs to the shaft, said motor means including a clutch to

p. The automatic weapon of claim 2 wherein the reciprocat- engage the sha wh
ing barrel means includes a pluralityof exhaust ports therein. 10. The automatic weapon of claim 7 wherein the drive

6. The asitomatic weapon of claim 2 %% herein the belt means 15 sprocket is in operable engagement with the shaft which drives
includes a pluralty of aligned hoies which frictionally engage the rotor through a timing linkage.

the projectiles to secure them thereto, said projectiles havinga 6
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United States Patent [191 [11 4,062,266
Elmore et al. [45] Dec. 13, 1977

[54] LIQUID PROPELLANT MODULAR GUN is constructed for wide latitude in gun cluster configura-
INCORPORATING DUAL CAM OPERATION tion.
AND INTERNAL WATER COOLING The modular gun has a stationary barrel and is exter-

[76] Inventors: Lester C. Elmore, 125 Bear Gulch nally driven and cam operated by a drive cam and a
Drive, Portola Valley, Calif. 96122; control cam.
Thomas M. Broxholm, deceased, late The drive cam has one internal spiral cam track for
of Palo Alto, Calif. by Anne K. driving the bolt forward to a projectile firing position
Broxholm, administratrix, 4194 Oak and another internal spiral cam track for driving the
Hill Drive, Palo Alto, Calif. 94306 bolt rearward to a projectile loading position.

[21] Appl. No.: 616,822 The control cam is mounted for rotation at the forward

(22] Filed: Sept. 25, 1975 end of the drive cam and controls the injection of liquid
propellant into the combustion chamber and an electri-[51] Int. C .2 ................................................ F41F 1/04 ca l intn

[52] U.S. Cl ............................................ 89/7; i 9/1 E;89/11 A water injection mechanism is also associated with the

[581 Field of Search ................ 89/7, 9, 11, 1 E, 14 A, control cam for injecting a small amount of water into
89/33 C, 28 the combustion chamber after the firing of each round

(56] References Cited to cool the combustion chamber structure by internal
water cooling. The water injection mechanism is also

U.S. PATENT DOCUMENTS effective to purge propellant from the combustion

1,786.207 12/1930 Hudson ................................ 89/1I X chamber in the event of a misfire.
2,764,914 10/1956 Young .............................. 89/1 E X The bolt is rotated to a locked position at the forward
2,922,339 1/1960 Hawkins ................................ 89/1 E end of its travel where locking lugs on the bolt are
3,800,657 4/1974 Broxholm et al .......................... 89/7 engaged with mating lugs on the barrel so that all breach
3.915,058 10/1975 Folsom et al .......................... 89/172 loads caused by chamber pressure are carried through

Primary Examiner-David H. Brown the barrel rather than the receiver. This permits the

Attorney Agent. or Firm-Donald C. Feix receiver to be made quite light.

[571 ABSTRACT

A liquid propellant modular gun has a slim profile and 43 Claims, 46 Drawing Figures
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It is one important object of the present invention to
LIQUID PROPELLANT MODULAR GUN provide a more effective means for barrel cooling. This

INCORPORATING DUAL CAM OPERATION AND object is achieved in the present invention by internal
INTERNAL WATER COOLING water cooling. The way in which the internal water

BACKGROUND OF THE INVENTION 5 cooling is incorporated in a liquid propellant gun of the
present invention also permits the mechanism for inject-

This invention relates to a liquid propellant gun of the ing the water for cooling- to be used as a water purge
kind in which liquid propellant is burned in a combus- system for purging the combustion chamber of liquid
tion chamber to fire a projectile from the gun. It relates propellant in the event of a misfire, and this system and
particularly to a cam operated, externally driven, liquid 10 mode of operation constitutes another, specific object of
propellant gun having a slim profile so that a plurality of the present invention. The internal water cooling sys-
single barrel gun modules can be conveniently clustered tem will be reviewed in more detail below in the Sum-
in a variety of configurations. The present invention mary of the Invention and in the Detailed Description
also relates particularly to an internal water cooling of the Preferred Embodiments of the present invention.
arrangement which injects a small quantity of water 15 At this point the applicants would like to point out that,
into the combustion chamber for cooling by internal because the water does impinge directly on the heated
vaporization after the firing of each round and which gun bore surfaces in the present invention, high heat
also serves to fill the combustion chamber with water transfer rates are realized and the effectiveness of the
and to purge propellant from the combustion chamber internal water cooling permits significant increase in
in the event of a misfire. 20 burst length and frequency in automatic guns. It also

The present invention has particular utility for high permits a significant increase in length of the duty cycle
performance, high rate of fire guns in the 20 to 35mm in such applications as drilling by cannon excavation.
size. The present invention is not, however, limited to There are a number of recognized technical objec-
guns of this size. tives for high performance guns. In general, these in-

The existing weapons used by the armed services use 25 clude (1) increased velocity and rate of fire; (2) lower
solid propellant cartridges. These existing weapons gun and ammunition weight; (3) improved interior and
carry the solid propellant in cases, and the cases form a exterior ballistic performance; (4) decreased erosion,
substantial part of the overall weight and overall size of flash and smoke; (5) reduced recoil loads; (6) elimina-
the cartridge. This in itself imposes serious drawbacks tion of cases, links and sabots; (7) improved reliability
and limitations on the installation and use of such weap- 30 and safety; and (8) versatility-application to a wide
ons, because the projectile feed mechanism and related range or requirements.
storage facilities must be large enough and strong In addition to these general improvements, the fol-
enough to store and transport not only the projectile lowing characteristics are recognized as being factors
itself but also the related solid propellant and case. lacking in the prior art and needed to enhance the appli-

Solid propellants have a further inherent disadvan- 35 cability of future gun systems as compared to the prior
tage because of the fact that solid propellants character- art: (1) a gun of minimum cross section to assure maxi-
istically develop a high peak temperature. In many gun mum versatility of installation on shipboard, vehicle and
installations it is necessary to fire long bursts in multiple aircraft mounts; (2) an envelope that will assure retrofit
engagements. Such projected firing schedules produce capability of single or multibarrel high performance 30
severe thermal loads on the gun and often cause barrel 40 or 35mm liquid propellant guns in existing 20mm instal-
errosion with the existing solid propellant weapons. lations; (3) a mechanism design capable of employing

Automatic guns used in antiaircraft roles are a good high density, low drag projectiles currently in the in-
example of guns subjected to severe firing schedules. ventory or in an advanced stage of development; (4) at
Long bursts are needed to achieve high cumulative kill the 30/35mm scale-utilization of existing projectile
probabilities. These gun systems must also engage mul- 45 designs (with only minor modifications) to eliminate
tiple targets in rapid succession with little or no time immediate requirements for development of new pro-
between bursts for adequate cooling. A severe barrel jectiles, and muzzle velocities in excess of 4000 ft. per
cooling problem results which is a primary factor in second employing high sectional density projectiles to
limiting system effectiveness. The reduced accuracy provide adt 4uate standoff, short time of flight, and high
associated with premature barrel errosion can effec- 50 projectile payload; (5) a gun mechanism construction

O tively destroy gun capability during a single engage- adaptable to operation at higher muzzle velocities when
ment. The alternative is to increase the number of avail- adequate projectiles are available; (6) stationary barrel
able mounts to achieve an acceptable firing schedule. construction with rotating cam feed mechanism to pro-
This results in additional weight, complexity, cost and vide significant reduction in gun drive power require-
maintenance problems, and is therefore an unacceptable 55 ments and quicker acceleration to full firing rate; (7)
solution. simplified gun harmonization at all firing rates by elimi-

The problem has long been recognized in high per- nation of tangential projectile velocity components
* formance, gun installations such as the U.S. Navy 40mm associated with rotating barrel systems.

Bofors automatic gun and the Oto Melara 76/62. In A further requirement which has been placed on gun
both cases a classic approach to barrel cooling has been 60 development in guns of this size range is that the gun
taken, i.e. water jacketing of the exterior barrel surface. must be applicable across the board to sea, air and
However, even with exterior water jacketing, the heat ground needs for the three ser% ices. These include (but
transfer rate may be too limited for some applications. are not limited to) small craft point defense, landing

The problems of severe thermal loads and barrel craft armament, retrofit of existing fixed wing aircraft
erosion also occur in drilling by cannon excavation. In 65 and antiaircraft and antivehicle ground applications
cannon excavation the firing rate is relatively low but where rate of fire and configuration constraints vary
the duty cycle is sustained for long periods of time, and widely. Some missions require single barrel guns with
this produces severe thermal loads on the barrel relatively low, adjustable rates of fire (0 to 1000 rpm).

.6
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Others involve multibarrel installations at intermediate tracks formed on the inside of the drive cam. The first
rates of fire (2000 to 3000 rpm), and finally there are sprial cam track engages a cam follower on the bolt to
those which require very high rates of fire (4000 to 6000 drive the bolt forward, and the other spiral cam track
rpm). It can be seen that this range of rate of fire indi- engages the cam follower to drive the bolt rearward as
cates that automatic guns are needed from one to eight 5 the drive cam is rotated about the axis of reciprocation
barrels. of the bolt.

Liquid propellant guns have a characteristic low peak The control cam is located at the front end of the
_ temperature. Because a liquid propellant will ignite in drive cam, and the control cam is also an annular mem-

the bulk mode, it can be ignited, as by an electrical spark ber which is rotated about the axis of the bolt. The
device immersed in the liquid propellant, without the 10
need to vaporize the propellant prior to ignition. Liquid control cam controls the injection of the liquid propel-

propellants are high energy density liquids and can be lant into the combustion chamber and also controls the

burned in discrete pulses to product high combustion igniter for igniting the propellant.
pressures. Pulsed burning of a liquid propellant can The drive cam is rotated faster than the control cam
produce combustion pressures in the range of 10,000 to 15 and has dwell or rest areas at each end of the drive cam
80,000 psi and even higher. The magnitude of the aver- to provide the time intervals for the projectile loading
age combustion pressure in such pulsed burning can be at one end and the propellant injection and firing at the
controlled by the amount of expansion permitted, other end of the bolt's reciprocation.
Higher average combustion pressures can be produced The drive cam rotates the bolt in one direction at the
by permitting less expansion. 20 end of its forward travel to lock the bolt to the barrel,

The liquid propellant gun can produce a flatter com- and the control cam rotates the bolt in the opposite
bustion chamber pressure-time characteristic than a direction after firing to unlock the bolt from the barrel.
solid propellant gun. Hence, performance equivalent to The axial sliding movement of the reciprocating bolt
a solid propellant gun can be obtained at lower pressure, is guided by lugs on the bolt which interfit in slots in the
High cyclic rates of fire are possible with a liquid pro- 25 barrel extension or receiver of the gun.
pellant gun. Because the propellant is a liquid, the pro- The cam follower of the bolt is mounted for a limited
pellant can be easily pumped to the firing chamber from amount of radial movement with respect to the bolt to
a storage area remote from the gun itself. This permits accomodate, by outward movement, the bolt rotation
flexibility of installation. Because the cartridge feeding required to lock the bolt and, by inward movement, the
system of the liquid propellant gun carries only the 30 required dwell at the forward end of the bolt travel.
projectile itself, the projectile feed system can be simpli- The barrel extension has a cam surface that coacts with
fled and can be made considerably lighter in weight the cam follower and a dwell area at the forward end of
than for a conventional gun. Or, a considerably larger
projectile size and weight can be used for higher per- the drive cam to provide the required dwell in this part

formance without having to increase the size of the 35 of the cycle of operation of the gun. The control cam
projectile feed mechanism. This is especially important unlocks the bolt and returns the cam follower to the
in permitting larger bore liquid propellant guns to be rearward, spiral drive cam track at the proper time.
incorporated in retrofit installations as replacements for The drive cam and the control cam are driven in
existing smaller bore solid propellant guns. synchronism by interconnected gearing, and the drive

Liquid propellant guns also permit slim profiles 40 cams of adjacent gun modules are interconnected by
which provide desirable configuration versatility. Be- idler gears for transferring drive from one module to the
cause the liquid propellant gun permits a low profile, next.
clean exterior design, an individual liquid propellant The gun of the present invention incorporates a water
gun module or a modular grouping of liquid propellant cooling arrangement in which the control cam causes a
gun modules can be installed in locations that would not 45 small amount of water to be injected into the combus-
accomodate a conventional gun. tion chamber after the firing of each round. The in-

It is another important object of the present invention jected water is vaporized and converted to steam as it
to incorporate the inherent advantages of a liquid pro- contacts the hot combustion chamber structure, and this
pellant gun in a modular gun of the kind incorporating produces a highly effective cooling of the combustion
a drive cam and a control cam. 50 chamber structure.

SUMMARY OF THE INVENTION The water cooling valving is interconnected with the
valving for the propellant injection in a manner such

The liquid propellant gun of the present invention is that the combustion chamber can be completely filled
a cam operated, externally driven gun constructed in with water to purge the combustion chamber of propel-
modular form. It has a slim profile, and the operational 55 lant in the event of a misfire.
features of the gun are arranged so that the gun can be
readily incorporated in a variety of modular clusters, The gun incorporates misfire detection means which
such as flat pack groupings and circular groupings. coact with the control cam to completely disengage the

The gun barrel is stationary and all combustion cham- control cam from the drive so that operation of the gun
ber pressure loads on the bolt are carried through the 60 module is stopped in the event of a misfire.
barrel rather than being carried through the receiver Liquid propellant gun apparatus and methods which
with the result that the receiver can be made quite light, incorporate the structure and techniques described

The gun incorporates two cams, a drive cam and a above and which are effective to function as described
control cam. above constitute specific objects of this invention.

The drive cam reciprocates the bolt back and forth 65 Other objects, advantages and features of our inven-
* between a rearward, projectile loading position and a tion will become apparent from the following detailed

forward, projectile firing position. The drive cam is a description of preferred embodiments taken with the
hollow cylindrical member having two spiral cam accompanying drawings.
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projection on the control cam for controlling the opera-
BRIEF DESCRIPTION OF THE DRAWINGS tion of the igniter;
FIG. I is an isometric view of a liquid propellant gun FIG. 30 is a fragmentary enlarged plan view taken

module constructed in accordance with one embodi- generally along the line and in the direction indicated
ment of the present invention; 5 by the arrows 30-30 in FIG. 29;

FIG. 2 is an isometric view showing three of the gun FIG. 31 is a top plan view showing five gun modules
modules of FIG. 1 grouped in a flat pack cluster; assembled in a flat pack cluster together with a drive

FIG. 3 is an isometric view showing three of the gun motor for the gun modules and the projectile feed sys-
modules of FIG. 1 grouped in a circular cluster; tem;

FIG. 4 is a side elevation view of the gun module 10 FIG. 32 is an end elevation view taken generally
shown in FIG. 1; along the line and in the direction indicated by the

FIG. 5 is an enlarged top plan view of the gun mod- arrows 32-32 in FIG. 31. FIG. 32 shows the feeding of
ule taken along the line and in the direction indicated by specific projectiles in the endless conveyor belt to re-
the arrows 5-5 in FIG. 4. In FIG. 5 some parts are lated gun modules;
partly broken away to show details of construction and 15 FIG. 33 is an end elevation view like FIG. 32 but
FIG. Sa is a continuation of the left hand end of FIG. 5; showing the projectile feed system for three gun mod-

FIG. 6 is a side elevation view in cross section taken ules assembled in a circular cluster;
generally along the line and in the direction taken by FIGS. 34-39 illustrate different cluster configurations
arrows 6-6 in FIG. 5 and FIG. Sa. FIG. 6a is a contin- for the modular gun of the present invention and illus-
uation of the left hand end of FIG. 6. The cam follower 20 trate how projectile feed sytems are associated with
64 is shown rotated 30" in FIG. 6 for better illustrating these different cluster configurations;
its operation. See FIG. 13 for the true position of this FIG. 40 is a plan view show:ng a size comparison for
cam follower; high performance 30mm liquid and solid propellant

FIGS. 7-14 are end elevation views in cross section rounds of ammunition and also illustrates the relative
taken along the lines and in the directions indicated by 25 feed chute sizes required;
the correspondingly numbered arrows in FIG. 6; FIG. 41 is a top plan view showing a size comparison

FIG. 15 is an end elevation view taken along the line of a 30mm liquid propellant projectile, a conventional
and in the direction indicated by the arrows 15-15 in solid propellant 20mm round for an M61 Vulcan gun
FIG. 4; and a conventional solid propellant round for a 30mmn

FIGS. 16-21 are isometric views showing the dispo- 30 Hispan Suiza round type 831 L. FIG. 41 illustrates how
sition of certain parts of the gun in the various phases of a 30mm liquid propellant round is approximately the
operation indicated by the legends in these figures; same overall length as a conventional solid propellant

FIG. 22 is a fragmentary, enlarged view of the part of 20mm round and how it is therefore capable of being
the structure shown encircled by the arrows 22-22 in substituted in conventional projectile feed systems for
FIG. 6. In FIG. 22 as in FIG. 6, the cam follower is 35 smaller 20mm solid propellant rounds with a minimum
shown rotated 30' from its actual position illustrated in of retrofit modifications;
FIG. 13; FIG. 42 is a fragmentary and elevation view showing

FIG. 23 is a fragmentary, enlarged end elevation details of the misfire switch and control cam shifting
view taken along the line and in the direction indicated lug;
by the arrows 23-23 in FIG. 22, but with the cam 40 FIG. 43 is a fragmentary side elevation view taken
follower at the actual inclination illustrated in FIG. 13; along the line and in the direction indicated by the

FIG. 24 is a fragmentary, enlarged end elevation arrows 43-43 in FIG. 42;
view taken along the line and in the direction indicated FIG. 44 is a schematic view of a pressure sensing
by the arrows 24-24 in FIG. 22 showing the cam fol- interlock system for stopping operation of a gun module
lower 64 in the unlocked position in phantom outline 45 in the event of a drop in propellant feed pressure.
and in a locked position in bold outline;

FIG. 25 is a fragmentary, enlarged bottom plan view DESCRIPTION OF THE PREFERRED
taken along the line and in the direction indipated by the EMBODIMENTS
arrows 25-25 in FIG. 23; A liquid propellant gun module constructed in accor-

FIG. 26 is a fragmentary enlarged side elevation view 50 dance with one embodiment of the present invention is
taken along the line and in the direction indicated by the indicated generally by the reference numeral 50 in
arrows 26-26 in FIG. 5. FIG. 26 shows the positions of FIGS. 1, 4, 5, 6 and 16 through 21.
the water injection and the propellant injection control The gun module 50 includes a barrel 52, a combustion
valves during firing of the gun; chamber 54, a bolt 56, a barrel extension or receiver 58,

FIG. 27 is a fragmentary enlarged side elevation view 55 a drive cam 60, a control cam 62, a cam follower 64, a
like FIG. 26 but showing the positions of the water projectile loading mechanism 66 for loading projectiles
injection and propellant injection control valves during from a projectile feeding mechanism 68, a drive mecha-

* propellant loading; nism 70, propellant injection means 72, water coolant
FIG. 28 is a view like FIGS. 26 and 27 but showing and purge means 73, a bolt sear 74, an igniter 76, misfire

the positions of the water injection and propellant injec- 60 detection means 78 and a misfire switch 80, all as indi-
tion control valves during either the combustion cham- cated generally by these reference numerals in FIGS. 5
ber cooling or the emergency purge operations; and 6 and in other Figures of the drawings.

FIG. 29 is a fragmentary, enlarged view of the front The gun module 50 illustrated in the drawings uses a
face of the control cam and is taken generally along the liquid monopropellant (i.e. a liquid propellant that con-
line and in the direction indicated by the arrows 29-29 65 tains both a fuel and an oxidizer) in the combustion
in FIG. 19. FIG. 29 shows the recess in the control cam chamber 54 for firing a projectile 34. It should be noted,
for the control of the propellant injection, the projec- however, that many of the features of the present inven-
tion on the control cam for the water injection and a tion are not limited to a modular gun or to a gun using

Imlm~a-lmt mmm aa~mwalmillm mlm mrmm ~
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a monopropellant, as will become more apparent from end of a projectile receiving passageway 148 in the
the description to follow, barrel extension 58 (see FIGS. 10 and 11).

The bolt 56 is reciprocable back and forth between a Engagement of the bolt extension 100 with the rod
rearward, projectile loading position (see FIG. 16) and 120 moves the lower end of the actuator lever 130 about
a forward, projectile firing position (see FIGS. 18, 19 5 the pivot provided by the connection to the spring 136
and 20). to shift the rod 132 forward. This pivots the bellcrank

The bolt is guided in this reciprocating movement by 138 about the pivot 141 and snaps a projectile 84 out of
lugs 86 (see FIG. 17 and FIG. 9) which slide within the spring clip carrier 146 of the endless conveyor belt
guide slots 88 (see FIGS. 19 and 11) in the barrel exten- 149 (see FIG. 32) of the projectile feed mechanism 68.
sion 58 and guide slots 90 (see FIG. 18 and FIG. 10) 10 The projectile drops into the passageway 148 and
extending through locking lugs 92 at the rear end of the into the bore in the barrel extension in front of the bolt
barrel 52. 56. Forward movement of the bolt 56 then pushes the

The igniter 76 is located in the front face of the bolt projectile up into the barrel 54, and the projectile 84 is
56 and comprises an electrode 91 (see FIG. 6 and FIG. then pumped forward (to the position illustrated in
11) which is energized when a cam follower (not illus- 15 FIG. 6) against the forcing cone 150 by the liquid pro-
trated) is displaced by a projection 94 on a forward pellant injected into the combustion chamber. This will
control face 96 of the control cam 62 (see FIGS. 29 and be described in greater detail below.
30). Energization of the electrode 91 produces electrical The barrel 52 is connected to the barrel extension 58
energy which ignites the liquid propellant in the com- by cap screws 152 (see FIG. 6).
bustion chamber 54 to fire the projectile 84 out of the 20 A cam cover 154 is connected to the barrel extension
barrel 52. Ignition can also be accomplished by com- 58 by cap screws 156 as also shown in FIG. 6.
pression ignition or by injecting a chemical into the The drive cam 60 has two internal, spiral shaped, cam
propellant. paths 160 and 162 which are engageable with the cam

The forward face of the bolt 56 has a seal 96 as best follower 64 for reciprocating the bolt 56 forward and
illustrated in FIG. 6. 25 backward during operation of the gun. The spiral cam

The rear end of the bolt 56 has a bolt extension 100 track 160 drives the bolt 56 forward, and the spiral cam
which coacts with the projectile loading mechanism 68 track 162 drives the bolt 56 rearward.
to snap a projectile out of a spring clip carrier in the The drive cam 60 is axially elongated so that the cam
projectile feed mechanism 66 (in a way to be described angles are not too high, and the drive cam is rotated
in more detail below) when the bolt is moved to the 30 faster than the control cam 62.
rearward, projectile loading position. As best shown in FIGS. 1-3 and 31, the drive system

The bolt extension 100 also has a detent 102 which is 70 includes a drive motor 164. The drive motor 164
engaged by the pawl of the sear 74 to hold the bolt in rotates an idler gear 166, and the idler gear 166 is en-
the rearward position when the gun trigger is off and a gaged with a gear 168 formed on the outer diameter of
sear solenoid 104 is deenergized. 35 the drive cam 60 at the rear end of the drive cam 60.

A sear actuating rod 106 is connected to the rear FIG. 15 illustrates how this same idler gear 166 is
solonoid 104 and has a slot 108 (see FIG. 6). A pin 110 used to transfer the drive from one module to an adja-
rides in the slot 108 at the lower end of the pivot arm cent module in a cluster arrangement.
and is connected at the lower end of the pivot arm 112 The drive to the control cam 62 is provided by a jack
of the sear 74. The arm 112 pivots about a sear pivot 114 40 shaft take off gear 170, a jack shaft 172, a jack shaft
which straddles the spring cavity. As illustrated in FIG. pinion gear 174, an idler gear 176 and a gear 178 formed
6, a spring 116 normally biases the sear pawl 74 toward on the outer diameter of the control cam 62 (as best
a bolt retaining position, but energization of the sear illustrated in FIGS. 6 and 16 through 21). The control
solonoid 104 rotates the pawl 74 downward to the bolt cam 62 is therefore rotated in a direction opposite from
releasing position (best illustrated in FIG. 21). 45 that of the drive cam 60, as indicated by the arrows in

The end face 118 of the bolt extension 100 is engage- FIG. 17.
able with a face 120 of a spring backed part 124 which In a particular embodiment of the present invention
actuates the projectile loading mechanism 66. The back the gear ratios are such that the drive cam 60 is rotated
face of the part 124 provides a spring seat for one end of four times as fast as the control cam 62.
a bolt return spring 126. (See FIG. 6). The other end of 50 The drive cam 60 is mounted for rotation on the
the bolt return spring 126 is seated against an inner face barrel extension 58 by bearings 180 at the rear end of the
of a rear cover 128. drive cam and 181 at the forward end of the drive cam

The part 124 has an upwardly projecting flange 129 (see FIG. 6).
which is engageable with an actuator level 130 of the The control cam 62 is mounted for rotation on a
projectile loading mechanism 66. The upper end of the 55 surface 182 of the barrel extension 58 and is normally
actuator level 130 is connected to a push rod 132 by a retained in a fixed axial position with respect to the
pin joint connection 134, and a spring 136 maintains the barrel extension 58 by two radially projecting cam lobes
lower end of the actuator lever 130 in engagement with 184 on the outer periphery of the control cam 62 (see
the upwardly extending flange 129. FIG. 12). The lobes 184 travel in an annular groove 186

The front end of the push rod 132 is connected to a 60 in the barrel extension 58. In normal operation of the
bellcrank loading lever 138 by a pin joint connection gun the lobes 184 travel in the groove 186 and the con-
140. The downwardly extending arm of the bellcrank trol cam 62 is maintained in the fixed axial position
projectile loading lever 138 is pivotally connected to illustrated in FIG. 6 with the gear 178 engaged with the
the barrel extension 58 by a loading lever pivot 141. gear 176. However, the barrel extension 58 has a re-

The forwardly extending arm of the projectile load- 65 lieved space 188 in front of the control cam which per-
ing lever 138 has a lower end 142 which is positioned mits the control cam to be shifted axially forward and
over an upper recess 144 in a spring clip carrier 146 for disengaged from the drive connection with the idler
a projectile 84. This projectile is aligned with the upper gear 176 in the event of a misfire. In this condition of
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operation as illustrated in FIG. 43 and as will be de- reciprocation of the bolt has been completed. The rota-
scribed in more detail below, the misfire switch 80 en- tion of the drive cam 60 in the clockwise direction indi-
gages one of the cam lobes 184 to move the control cam cated by the arrow in FIG. 17 then rotates the cam
62 forward. The cam lobe that engages the misfire follower and bolt 45" to the locking position illustrated
switch is diverted into a dead end side track 187, and the 5 in FIG. 18.
other lobe 184 enters a relieved area. At the same time that the back half of the cam fol-

As best illustrated in FIGS. 6 and 13, the cam fol- lower 64 moves into the slot 200, the front half of the
lower 64 is a cylindrical element at the outer end of a cam follower 64 engages the large diameter surface 206
rod 190. The rod 190 is mounted for axial movement in (see FIG. 24) of the barrel extension 55. This surface
a radially extending bore 192 at the back end of the bolt 10 206 has a ramp 206a which decreases in diameter, as the
56. The underside of the bolt 56 has a recessed groove bolt is rotated 45" to the locked position, until the diam-
194, and a leaf spring 196 is mounted in the groove 194 eter is the same as that of the surface 208. This ramp
so as to engage the lower end of the rod 190. The spring 206a pushes the cam follower 64 downward from the
196 biases the cam follower radially outwardly and into outwardly extended position shown in phantom outline
engagement with associated surfaces on the drive cam 15 in FIG. 24 to the retracted position shown in solid out-
60 and, during part of the time that the bolt 56 is in its line in FIG. 24.
forward projectile firing position, with associated large The surface 208 thereafter engages the top of the
diameter surface 206 and smaller diameter surface 208 front half of the cam follower 64 to retain the cam
on the barrel extension 58. See FIG. 24. This will be follower 64 in the retracted position and within the
described in more detail below. 20 groove 198 of the drive cam 60 until the firing of the

During forward driving movement of the bolt 56, the projectile from the combustion chamber 54 has been
outer surface of the cam follower 64 is engaged with a completed and the bolt 56 is ready to be rotated back
surface 199 of the forward driving cam track 160. See 45" to an unlocked position and then retracted to the
FIGS. 6, 17 and 22. During rearward driving of the bolt projectile loading position by engagement of the cam
56, the outer surface of the cam follower 64 is engaged 25 follower 64 within the rear drive cam track 162.
with a surface 197 of the spiral cam track 162. While the cam follower 64 is retained in the retracted

The drive cam 60 has dwell or rest areas at the front position illustrated in FIG. 24 by the stationary engage-
and rear ends of the drive cam. The dwell areas provide ment of the cam follower 64 with the surface 208 at the
turnarounds at each end of the bi-directional drive cam. end of the ramp 206, the drive cam 60 is of course con- -

The rear dwell area includes a surface 201 which is 30 tinuing to rotate with respect to the cam follower 64
bounded by a rear, radially inwardly extending flange with the back half of the cam follower 64 engaged in the
203 and a forward, inwardly extending flange 205. See relieved area of the recessed face 198. At the same time
FIG. 6. This dwell area at the rear of the drive cam the rear face 210 of the control cam 62 is rotating
holds the bolt 56 in a retracted position from the time counter clockwise with respect to the cam follower 64,
that the cam follower 64 leaves the return cam track 162 35 as illustrated by the arrows in FIGS. 18 and 19.
until the drive cam is rotated to a position in which an The rear face 210 of the control cam has a bolt un-
opening in the forward flange 205 permits the bolt re- locking and return wedge 212 projecting outwardly
turn spring 126 and part 124 to shove the cam follower from the rear face 210. As this wedge rotates into en-
64 into the forward drive cam track 160. gagement with the cam follower 64, it first of all rotates

In a particular embodiment of the present invention 40 the cam follower and bolt 45" counter clockwise (as
(having the 4 to 1 ratio of drive cam revolutions to viewed in FIG. 20) to unlock the bolt by aligning the
control cam revolutions for each cycle of operation as lugs 86 with the slots 90. Continued rotation of the
noted above), the cam follower 64 rests at the rear dwell control cam 62 then moves the cam follower 64 axially
area of turnaround for 0.6 turn of the drive cam 60. The to the rear and into the front inlet end of the rear drive
forward drive spiral 160 moves the cam follower for- 45 cam track 162, as this end of the cam track 162 opens to -

ward for 0.8 turn of the drive cam 60. The cam follower the front dwell area 198. Continued rotation of the drive
moves rearward for 0.8 turn of the drive cam and rests cam 60 then reciprocates the bolt 56 to a rearward,
at a forward dwell area for approximately 1.8 turns of projectile loading bolt position.
the drive cam 60. The gun 50 as illustrated in the drawings uses a liquid

When the bolt 56 reaches the forward end of its 50 monopropellant, i.e. a liquid propellant having both a
travel, it must be rotated 45" (as illustrated in FIG. 13) fuel and an oxidizer. Mixtures of hydrazine, hydrazine
to lock the lugs 86 on the bolt in front of the lugs 92 of nitrate and water are examples of monopropellants that
the barrel 52 (see FIG. 18). may be used. However, propellants developed for tor-

The construction of the forward end of the drive cam pedo application have physical, performance, handling
60 and related structure of the barrel extension 58 and 55 and safety characteristics that are well suited for use in
back face of the control cam 62 are best illustrated in the the present invention. This is understood since torpedo
t-nlarged fragmentary view of FIG. 22. propellants must be compatible with the long duration,

As best illustrated in FIG. 22, when the cam follower closed environment of a submarine where adverse char-
64 leaves the forward end of the forward drive cam acteristics from the standpoint of toxicity, handling or
track 160, the back side of the cam follower 64 is posi- 60 safety are completely intolerable. The liquid propellant
tioned in a fq. ,ard dwell area 198 so that continued is stored, either adjacent to the gun 50 or remotely, and
rotation of the drive cam 60 cannot produ,',- any contin- is conducted to the propellant injection means 72 by a
ued forward movement of the bolt 56. flex conduit 216 as shown in FIGS. 18 and 19. The

The drive cam 60 does, however, have a slot 200 (see propellant supply pressure is supplied either by pump
FIGS. 22 and 23) located at the forward, outlet end of 65 217 (See FIG. 18.) or by an accumulator subsystem (not
the forward cam track 160 so that the spring 196 (see illustrated). The accumulator is preferable from the
FIG. 6) shoves the rear half of the cam follower 64 standpoint of being effective in reducing pump volume
outward and into this slot 200 as soon as the forward requirements while meeting the peak flow rates neces-
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sary for burst fire. The propellant supply system in- The coolant injection means 73 inject a small quantity
cludes a pressure sensing interlock system (see FIG. 44) of water directly into the firing chamber 54 between
which senses the propellant pressure by means of a rounds. Since water impinges directly on the heated
sensor and stops operation of the complete group (row gun bore surfaces, high heat transfer rates are realized.
or cluster) of gun modules by closing a main propellant 5 The effectiveness of the internal water cooling permits
supply valve and stopping operation of the drive motor a significant increase in burst length and frequency in
when the supply pressure drops below an established the case of an automatic gun fired at high cyclic rates
level. This prevents incomplete propellant filling, and permits a significant increase in the length of the

The porting and valving arrangement for controlling duty cycle of guns used at lower cyclic rates such as in
the injection of liquid propellant into the combustion 10 common excavation.
chamber 54 is best shown in FIGS. 5, 8, 18 and 26-28 of In a specific embodiment of the present invention
the drawings. water is used as the cooling liquid because it has a high

As best illustrated in FIG. 26, the sidewall of the heat of vaporization and is readily available. Other
barrel 52 has an axially extending bore 218 at one side of liquid coolants can of course be used, but the descrip-
the combustion chamber 54, and the propellant conduit 15 tion to follow will be directed specifically toward the
216 is connected with a port 200 at one end of the bore. use of water as the coolant liquid.
A port 222 connects the other end of the bore to drain. One embodiment of the valve structure for accom-

A spool valve 224 is mounted for axial movement plishing the internal water cooling is illustrated in
within the bore 218, and the control of the position of FIGS. 5 and 26-28. As illustrated in these drawings, the
the spool valve 224 is provided by a valve control rod 20 wall of the gun barrel 52 has an axially extending bore
226 which is connected to the valve spool 224 at one 236. A valve spool 238 is mounted for reciprocation
end. The other end of the rod 226 is engaged with the within the bore, and the valve spool has seals 240 at

- front face 96 (see FIG. 29) of the control cam 62 and each end.
acts as a cam follower. A water inlet port 242 is connected to one end of the
A port 228 connects the axial bore 218 with the com- 25 bore 236 and a hose is attached to this port 242 to con-

bustion chamber . th4. nect the port to a pressurized water supply system.

The valve spool 224 has annular seals 230 at each end A port 244 connects the bore 236 to the combustion

of the spool and the rod 126 is sealed by a seal 232 as chamber 54.
ofuthed in the 26. The valve spool 238 is connected directly to theillustrated in FIG. 26. 30 valve spool 224 through an extension of the rod 226 so

The cam face 96 of the control cam 62 is formed with that the water coolant valve spool 238 moves in unison
a recessed ramp 234 which controls the duration of the with the propellant injection valve spool 224.
time period for injection of the liquid propellant Seals 246 and 248 seal off the part of the rod 226
through the ports 220 and 228. The control rod 226 is extending between the bores 236 and 218.
biased (by the propellant supply pressure) to the right 35 In the firing position of the valve spools (as illustrated
(as viewed in FIG. 26) so that the cam follower end of in FIG. 26) the valve spool 236 blocks flow of water
the rod 226 is maintained in engagement with the face into the port 224 and flow of combustion gases out of
96 of the rotating control cam 62. the port 244.

In the firing position, the valve spool 224 is posi- Similarly, the water injection valve spool 238 is posi-
tioned by the control rod 226 to block off the port 228 40 tioned in the propellant loading position illustrated in
(as illustrated in FIG. 26). FIG. 27 to block flow through the port 244.

FIG. 27 illustrates the position of the valve spool 226 However, immediately after firing, the control cam
with respect to the port 228 when the recess 234 of the 62 rotates to a position in which a projection 250 shifts
control cam 62 has been rotated to a posit.on in which the control rod 226 leftward (as viewed in FIG. 28) by
the control rod 226 first drops down into the recess 234. 45 an amount sufficient to open the port 244. This projec-
The valve spool 224 is shifted to the right in the bore tion 250 permits a short time period for the injection of
226 to open the port 228 for communication with the coolant water into the combustion chamber (through
port 220, and the liquid propellan' flows into the com- the passageway provided by the ports 242, the bore 236
bustion chamber under the press.re of the propellant and the port 244) before the cam follower end of the
supply system. The pressure of the inflowing propellant 50 control rod 226 moves down off the projection 250 and
pumps the projectile 84 forward to the position illus- back onto the plane of the face 96. This small amount of
trated in FIG. 6a. The inclined ramp in the recess 234 water is vaporized by the hot wall structure of the corn-
pushes the control rod 226 leftward and back to the bustion chamber and turned to steam. During this water
position illustrated in FIG. 26 as the cam follower end injection period, the port 228 may be maintained closed
of the control rod 226 returns to the plane of the front 55 by the land 224 or, depending on the size of the projec-
face 96 of the control cam 62. The amount of liquid tion 250, the port 228 may also be opened for venting of
propellant injected is therefore determined by the pres- gas and steam from the combustion chamber (through
sure of the propellant supply system and the length and the port 228 and the bore 218 and the vent port 222).
angular inclination of the rec o" 234. Thus, immediately after firing each round, the cool-

As illustrated in FIG. 29, t .e front face 96 of the 60 ant injection means 73 are opened and a metered quan-
control cam 62 has a projection 94 which is engaged by tity of water is injected directly on the forward portion
a spring biased cam follower. The electrode 92 is ener- of the combustion chamber 54. The water spray is di-
gized as the igniter cam follower is actuated by the rected toward the combustion chamber surfaces of the
projection 94 following the filling of the combustion gun. The quantity of water is metered to insure that
chamber 54 with the liquid propellant. 65 virtually all of it is converted to steam.

A very important feature of the present invention is The next projectile 84, in the process of being loaded
the internal water cooling provided by the coolant in- and pumped forward in the chamber, pushes any steam
jection means 73. and water remaining in the chamber ahead of the pro-
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jectile into the barrel. After firing, the residuals are AT = temperature difference F.
forced out of the barrel by the projectile as it traverses For estimating the heat transfer rate, the following
the bore. assumptions are made:

If the distribution of the water vapor in the bore is
assumed to be the same as the normal products of com- a. AT
bustion of a liquid propellant, the weight of gas (vapor) Bore surface temperature rises of 1,200" - 1,400" F in
being pushed out by the projectile is slightly less than one millisecond have been measured in liquid propellant
that for a conventional solid propellant round. This guns at the origin of rifling. Since rapid injection of
results from the somewhat lower molecular weight of cooling water immediately after firing is involved in the
liquid propellant combustion products and that of the 10 present method, large average temperature differences
water vapor, will exist during the cooling process. Here a conserva-

The internal water cooling is optimized to inject no tive AT of 500 ° F is assumed.
more water than is va[urized. Hence, there is no pen-
alty for acceleration inert mass. The water injected is b. Area

controlled by the dwell of the surface 250 of the control 15 The chamber bore surface area is 0.375 ft2. It is as-
cam 62. sumed that the injected cooling water is effectively

Heating and cooling of a gun barrel bore surface is sprayed over an area at least equivalent to this, there-
highly transient. The analysis of the instantaneous heat fore, the effective area is assumed to be 0.375 ft2.
transfer process is complex and methods for accurately
determing the heat transfer coefficient controlling the 20 c. Heat transfer Coefficient
process are not well established. However, the follow- Water sprayed against hot surfaces boils violently and
ing example, based on average conditions, does illus- is rapidly vaporized. Boiling heat transfer coefficients
trated the effectiveness of the internal water cooling. are quite high. Coefficients of -,- 300,000 B.t.u./hr. ft2* F

Considering a 35mm 4,000 ft/sec muzzle velocity are common. Here, the heat transfer coefficient conser-
liquid propellant gun, the significant characteristics are: 25 vatively is assumed to be 250,000 B.t.u./hr.ft2 F.

Based on these considerations, the rate of heat trans-
fer is estimated to be:

Projectile Weight 1.2 lb.
* Muzzle Velocity 4,000 ft/sec. q = (250,000 B.t.u. 1 (.365 ft2) (500- F) = 4.7.107 Bt.u.

Propellant Charge I lb. 30 hr. ft2
" 

F hr.

Projectile Muzzle Kinetic Energy 298,000 ft.-lb.
Firing Rate 750 rounds per minute or 1.3 x 10' B.t.u.

sec

Estimates of barrel heating per round are calculated Since complete cooling per round requires removal of
using the criteria established by Comer' where the heat 35 161 B.t.u. the required cooling time is:
loss Q is:

Q = X ( W, r) = 161 B.t.u. 12.4 milliseconds
1.3.104 Bt.u.

sac
W, = "Effective" Mass of the projectile 40
V = Muzzle velocity With a total cycle time per round of 80 milliseconds
X m 0.3 (maximum value) there is ample cooling time available.

I"Theory of the Interior Ballistics of Guna". J. Corner. pg. 141. John
Wiley & Son. The above example is idealized in that perfect distri-

For the characteristics of the 35mm 4,000 ft/sec bution of the cooling water over the heated surfaces is
LPG, Q = 125,00 ft.-lb. (or 161 B.t.u.). 45 assured. While complete cooling is not usually attained

Gun barrel cooling is accomplished by direct water in practice, a substantial portion of the heat imparted to
injection on the interior heated surfaces. Assuming ini- the gun is removed. This has a major impact on firing
tial water temperature to be 70" F, the heat, absorption schedule and gun system effectiveness.
capability of the injected water (including specific heat FIG. 28 illustrates the disposition of the valve spools
and heat of vaporization) is approximately 1,110 50 238 and 224 in the event of a misfire, when it is desired
B.t.u./lb. The quantity of water required for complete to purge the combustion chamber 54 of all liquid pro-
cooling after each round is then = pellant within the combustion chamber. In this event,

the entire control cam 62 is shifted axially forward by

161 " t u /round lb.H20 the misfire detection switch 80, and this shoves the
Ill0 .t u/Ib.H) or .146 - 55 control rod 226 leftward to the position illustrated inound FIG. 28 where the valve spools 238 and 224 are held in

the positions illustrated. The coolant water flows con-
In a rapid fire automatic weapon, the time available tinuously into the combustion chamber through the

for cooling between rounds is limited by heat transfer coolant inlet port 244, fills the combustion chamber 54
rate. At a firing rate of 750 rounds per minute, the cycle 60 completely with water, and purges out all of the liquid
time per round is 80 milliseconds. propellant through the port 228 and the vent 222.
The heat transfer rate can be estimated from the fol- A timing device, not illustrated, shuts off the flow o."

lowing: water through the hose 241 (see FIG. 7) after a period

q = hAST of time sufficient to insure complete purging of theq - 65 combustion chamber.

q = rate of heat transfer B.t.u./hr. As described above in this specification, the misfire
h = heat transfer coefficient B.t.u./hr. of ft' switch 80 is controlled by the misfire detection means
A = area ft2 78 (see FIG. 5).

i2
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The misfire detection means 78 include a gas piston The projectile feed mechanism 68 employs a short
252 mounted for reciprocation within a cylinder 254 endless conveyor 149 which is driven by a sprocket
and spring biased by a spring 256 rightward (as viewed drive 270 from the drive motor 164.
in FIG. 5) to the position illustrated in FIG. 5 where a As best illustrated in FIG. 32, the conveyor 140 mates
flange 258 engages a snapring stop 260. 5 with a transfer mechanism 272 to accept projectiles 84

A connecting rod 262 connects the gas piston 252 to from a conventional belt or linkless feed. The transfer
the misfire switch 80 so that the misfire switch 80 s mechanism 272 includes a shifting device which selects
normally spring biased to the position illustrated in from separate projectile supplies to switch types of
FIG. 5 in which the misfire switch 80 is axially aligned ammunition. The spring clip cradles 146 are the primary
with the lobes 184 on the control cam 62. 10 elements of the conveyor 149. The tangs on the ends of

A port 264 connects the bore of the barrel 52 with the the spring clip cradles slide in guide grooves in the
interior of the cylinder 254 at the back face of the gas conveyor frame. The cradles are coupled to form an
piston 252. endless, flexible chain.

A vent port 266 is located in the sidewall of the cylin- Two configurations of the conveyor 149 are illus-
der to vent the interior of the cylinder 254 to atmo- 15 trated in FIGS. 31-32 and in FIG. 33. In FIGS. 31 and
sphere. 32 a flat conveyor passing over a banked row of mod-

As a projectile is fired from the gun, the pressurized ules is illustrated and in FIG. 33 a circular conveyor
gases behind the projectile flow through the pore 264 to wrapping around a cluster of three modules is illus-

momentarily move the gas piston 252 forward (leftward trated.
as viewed in FIG. 5) within the cylinder 254. This pulls 20 The flat conveyor configuration shown in FIGS. 31
the misfire switch 80 forward and out of alignment with and 32 demonstrates the loading scheme of the present
the lobe 184 on the control cam long enough to let this invention which depends on a unique sequencing ar-
lobe rotate past the misfire switch without engaging the rargement. In FIG. 32 a banked row of five modules
misfire switch 80. served by the conveyor 149 are indicated by the refer-

However, if there is a misfire, the gas piston 252 25 ence numerals 1-5. The projectiles 84 move along the

remains sta:ionary and the misfire switch 80 engages the conveyor from right to left and are numbered in groups
cam lobe 184 to divert the cam lobe into a dead side of five, e.g. (5, 4, 3, 2, 1), (10, 9, 8, 7, 6), etc. The modules

are also numbered (5, 4, 3, 2, 1) and are loaded in the
track 187 (see FIG. 43 and FIG. 6) while the other cam sequence I through 5 and fire, of course, in the same
lobe 184 enters a relieved area. This moves the control 30 sequence. Center-to-center spacing of the projectiles in
cam 62 axially forward in the recess 188 (see FIG. 6) to the conveyor (1.75 in. for 30mm) is one-half the cen-
disengage the gear 178 from the idler gear 176, and the ter-center spacing of the modules (3.5 in. for 30mm).
rotation of the control cam 62 is stopped. Assume projectile I is at the loading position for

The timing of this action leaves the bolt 56 in a locked module 1. The loading lever on the module kicks the
position with the breach closed. 35 projectile out of the conveyor and into the module. The

In addition, as pointed out above, forward motion of conveyor travels 1.75 inches between loadings. Projec-
the control cam 62 pushes the propellant fill valve 224 tile 2 was 1.75 inches away from the loading position for
forward, exposing the combustion chamber fill port 228 module 2 at the start but has now arrived in position and
to the port 222 at the rear of the bore 218 to permit is loaded. Projectile 3 is now 1.75 inches away from the
purging of the liquid propellant from the combustion 40 module 3 and will arrive at the loading position on time.
chamber 54. At the same time the water inlet valve 238 The loading progresses until projectile 5 is loaded in
is moved forward to open the water injection port 244, module 5, this projectile having moved 7.0 inches while
and water is purged through the combustion chamber the other projectiles were loading. By the time projec-
54 to prevent cook off and to make the round inert, tile 5 has been loaded, projectiles 10, 9, 8, 7 and 6 have

The control cam disengagement disables that particu- 45 moved into positions occupied by projectiles 5, 4, 3, 2
lar gun module but it does not disable the drive cam and I at the start. The process continues in perfect time,
power train. Therefore, other modules in the banked with projectile 6 loading into module 1, projectile 7
row or cluster continue to operate and fire. Operation in loading into module 2, etc. This loading scheme applies
this limited condition can continue until servicing. Pro- to any number of modules.
jectiles intended for loading but passing over the dis- 5o The circular conveyor for a cluster of three modules,
abled module are ejected at the end of the feed system shown in FIG. 33, uses the same loading scheme as
transfer region. described above. Since the conveyor is circular, the

If a projectile is missing at the feed system conveyor, cradles can take the form of pockets in a wheel-like
a mechanical interlock system leaves a retainer in the structure. A minimum of six cradles or pockets are
path of the propellant fill valve 224 to prevent the valve 55 needed to properly feed the cluster. Nine pockets are
from opening. As the module continues in a cycle of shown in FIG. 33 to reduce the rotational speed of the
operation, a pseudo misfire occurs, and the module is conveyor and the centrifugal force imposed on the
disabled as described above, projectiles, thus reducing the force that must be exerted

Since complete propellant filling depends on fluid by the projectile loading levers at the modules.
pressure in the propellant supply system with the mono- 60 Other cluster configurations as illustrated in FIGS.
propellant injection system described above, insuffi- 34-39 are readily arranged and serviced by the projec-
cient pressure of the propellant supply system could tile loading mechanism 68 as described above.
result in incomplete propellant filling. In the present The modular system of the present invention can
invention when the-supply pressure inadvertently drops accomodate recoil adapters similar to those on the M-61
below an established level, a pressure sensing interlock 65 gun to reduce recoil forces. A banked row or cluster or
system (see FIG. 44) stops operation of the complete modules can be supported mutually at the breach end of
group (row or cluster of modules). the barrels by a bracket structure that receives a pair (or

The projectile feed system is best shown in FIG. 31. more) of recoil adapters. An additional bracket struc.

*6
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ture mutually supports the rear of the modules and 6. The invention defined in claim 5 wherein the liquid
engages a short fixed slide to accomodate recoil travel, coolant injection means include valve means opera-
The latter bracket includes a provision for boresighting. tively associated with the control means for controlling

The impact of caseless operation on gun design is best the timing and amount of liquid coolant injected.
illustrated in FIG. 41 which compares a 30mm liquid 5 7. The invention defined in claim S wherein the liquid
propellant modular gun projectile with a conventional propellant injection means and the liquid coolant injec-
20mm round for the M-61 gun. Due to the similarity in tion means are connected together for movement in
length and diameter between the liquid propellant pro- unison by a common control rod.
jectile and the solid propellant round, it is feasible to S. The invention defined in claim 5 wherein the liquid
directly substitute the 30mm projectile for the existing 10 propellant injection means inject a monopropellant into
20mm cartridge. Some modifications are, of course, the combustion chamber.
required due to slight differences in configuration but 9. The invention defined in claim 8 wherein the con-
the overall volume is substantially the same. trol means include an annular control cam member

FIG. 40 compares the diameter of a liquid propellant mounted for rotation about an axis concentric with the
modular gun projectile in a 30mm size with the car- 15 axis of reciprocation of the bolt and having a forward
tridge and projectile size for a conventional 30mm solid generally planar extending surface formed with a re-

propellant round. This figure graphically illustrates the cessed ramp, the propellant injection means include a

space and weight savings which can be achieved for the propellant fill port, a control valve for the fill port, a

projectile feed systems in the 30mm gun size with the rod having one end connected to the fill valve and

liquid propellant modular gun of the present invention. 20 another end engaged with said forward face of the

While we have illustrated and described the preferred control cam member, and pressure means for supplying

embodiments of our invention, it is to be understood the liquid monopropellant through the propellant fill

that these are capable of variation and modification, and port during the time that the control rod is engaged
with the recessed ramp on the control cam means.

we therefore do not wish to be limited to the precise
details set forth, but desire to avail ourselves of such 25 10. The invention defined in claim 5 wherein said
changes and alterations as fall within the purview of the liquid coolant injection means including a coolant inletfollowing claims port, a coolant control valve associated with the cool-

We claim: ant inlet port and a control rod having one end con-
We1. am otnected to the coolant control valve and the other end1. A gun of the kind in which liquid propellant 1is eggdwt tecnrlmas

burned in a combustion chamber to fire a proecil 30 engaged with the control means.
projectile 11. The invention defined in claim 10 wherein the

from the gun and comprising, control means include an annular cam member having a
a gun barrel, front surface engaged with the control rod and includ-
a combustion chamber, ing a projection on said front surface for momentarily
a bolt mounted for axial movement between a rear- 35 opening the coolant inlet valve.

ward, projectile loading position and a forward, 12. The invention defined in claim 11 including mis-
projectile firing position, fire detection means for pulling the entire control cam

liquid propellant injection means for injecting a liquid member and coolant inlet valve forward to a position in
propellant into the combustion chamber, which the coolant control valve remains open to permit

igniter means for igniting the liquid propellant in the 40 a purging of propellant from the combustion chamber in
combustion chamber, the event of a misfire.

drive cam means for moving the bolt back and forth 13. The invention defined in claim 1 wherein the
between the rearward and forward positions, drive cam means include a rotatable drive cam member

drive means for driving the drive cam means, and and the control means include a rotatable control cam
control means for controlling the liquid propellant 45 member.

injection means and igniter means in coordination 14. The invention defined in claim 13 including a
with the drive of the drive cam means. receiver, guide slots in the receiver, bolt lugs engage-

2. The invention defined in claim 1 inclqding a re- able in the guide slots, locking lugs in the barrel and bolt
ceiver, a projectile loading passageway in the receiver, locking means for rotating the bolt lugs into engage-
a projectile feed system including a spring clip for each 50 ment with the locking lugs in the barrel to carry the
projectile, and projectile loading means including a combustion chamber firing loads through the barrel
projectile loading lever movable to snap a projectile out rather than through the receiver whereby the receiver
of its spring clip and into the projectile loading track in can be made quite light.
the receiver in response to reciprocation of the bolt to 15. The invention defined in claim 13 wherein both
its rearward projectile loading position. 55 the control cam member and the drive cam member are

3. The invention defined in claim 2 wherein the pro- annular, cylindrical members, the control cam member
jectile loading lever includes a bell-crank member and is positioned at the forward end of the drive cam mem-

U the projectile loading means include an actuator lever ber, the bolt is mounted for reciprocation back and
engageable with the bolt and a push rod operatively forth within the interior of the drive cam and control
connected to the bellcrank member at one end and to 60 cam members, the bolt includes a radially extending
the actuator lever at the opposite end. cam follower, the drive cam member includes a first

4. The invention defined in claim 2 wherein the pro- internal spiral cam track engageable with the cam fol-
jectile feed system includes an endless conveyor made lower to drive the bolt forward and a second internal
up of said spring clips, spiral cam track engageable with the cam follower to

S. The invention defined in claim I including liquid 65 drive the bolt rearward, the drive cam member includes
coolant injection means for injecting a liquid coolant dwell areas at the front and rear for permitting rotation
into the combustion chamber to cool the combustion of the drive cam member without producing axial
chamber structure after the firing of each round, movement of the bolt and wherein the control cam
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member has a rear face formed with an axially project- rear of the drive cam means for permitting rotation of
ing bolt return surface engageable with the cam fol- the drive cam means without producing axial move-
lower to move the cam follower into the second spiral ment of the bolt.
cam track. 27. The invention defined in claim 26 wherein the

16. The invention defined in claim 13 wherein the 5 drive cam means include a hollow cylindrical drive cam
drive cam means include a bolt locking surface for ro- member having a longitudinal axis concentric with the
tating the bolt to a locked position at the forward, pro- axis of reciprocation oi the bolt and wherein the bolt is

- jectile firing position. mounted for axial movement within the interior of the
17. The invention defined in claim 16 wherein the drive cam member.

control cam means include a bolt unlocking surface for 10 28. The invention defined in claim 27 including bias-
rotating the bolt to an unlocked position after the firing ing means associated with the bolt for biasing the bolt
of a projectile and prior to the movement of the bolt to and cam follower forward to cause the cam follower to
the rearward, projectile loading position. enter an open end of the first spiral cam track.

18. The invention defined in claim 13 wherein the gun 29. The invention defined in claim 28 wherein the
is a gun module and includes receiver means having an 15 biasing means include a spring engageable with the rear
external configuration which permits the gun module to end of the bolt.
be mounted with other gun modules in patterned group- 30. The invention defined in claim 29 including sear
ings to form a modular gun comprising a plurality of means for holding the bolt in the rearward position
individual gun modules and with the receiver means of against the force of said spring until the sear is released.
adjacent gun modules engaged in mutual support. 20 31. The invention defined in claim 27 wherein the

19. The invention defined in claim 18 wherein the cam follower is mounted for sliding movement radially
drive means include an idler gear for transferring drive inward and outward of the bolt and including biasing

- from one gun module to an adjacent gun module so that means normally biasing the cam follower radially out-
all of the gun modules in a cluster can be driven from a wardly of the bolt, a slot in the front dwell having a
single drive motor. 25 sidewall engageable with the cam follower for rotating

20. The invention defined in claim 13 wherein the the bolt to a locked position, and receiver cam means
drive means include gears interconnecting the drive for depressing the cam follower radially inwardly of the
cam member and control cam member for rotation in bolt and out of engagement with said sidewall after the
synchronism. bolt is rotated to the locked position.

21. The invention defined in claim 20 wherein both 30 32. The invention defined in claim 31 wherein the
the drive cam member and the control cam member control means include a hollow annular member having
have gears formed on their outer periphery and the a forward cam face and a rearward cam face, and in-
drive means include a first gear engageable with the cluding an axially projecting surface on a part of the
drive cam gear, a second gear engageable with the rear cam face for engaging the cam follower to rotate
control cam gear, and an interconnecting drive shaft 35 the bolt to an unlocked position and to move the cam
connected to drive both the first gear and the second follower into the second spiral cam track.
gear. 33. The invention defined in claim 32 wherein the

22. The invention defined in claim 21 wherein the drive means are connected to rotate the drive cam
control cam member is axially movable into and out of member faster than the control cam member and in a
drive engagement with the second gear and including 40 direction opposite to the rotation of the control cam
misfire detection means for moving the control cam member.
member out of driving engagement with the second 34. A modular gun comprising a plurality of gun
gear in the event of a misfire. modules, each of the gun modules having a barrel, a

23. The invention defined in claim 22 wherein the combustion chamber, a receiver, a bolt mounted for
misfire detection means include a port through the side- 45 axial movement in the receiver between a rearward,
wall of the barrel, a spring biased gas piston mounted projectile loading position and a forward. proiectile
for movement against the spring bias by the pressure of firing position, liquid propellant injection mean- for
combustion gases passing through the port in the barrel, injecting a liquid propellant into the combustion cham-
a misfire switch engageable with the control cam mem- ber, igniter means for igniting the liquid propellant in
ber to disengage the control cam member from drive by 50 the combustion chamber, drive cam means including a
the second gear, and a connecting rod extending be- rotatable drive cam member for moving the bolt back
tween the gas piston and the misfire switch for retract- and forth between the rearward and forward positions,
ing the misfire switch to a position in which the misfire drive means for driving the drive cam means, and con-
switch cannot engage the control cam member when trol means including a rotatable control cam member
the gas piston is moved against the spring bias. 55 controlling the liquid propellant injection means and

24. The invention defined in claim 23 including a lug igniter means in coordination with the drive of the drive
on the control cam member for engagement with the cam means, and wherein the receiver means of each gun
misfire switch. module have an outer shape which permits a plurality of

25. The invention defined in claim 13 wherein the gun modules to be arranged in patterned groupings with
drive cam member and the control cam member are 60 the receiver means of adjacent modules engaged in
rotatable about axes which are parallel to the axis of mutual support.
reciprocation of the bolt, the bolt includes a cam fol- 35. A gun of the kind in which liquid propellant is
lower, and the drive cam means include a first spiral burned in a combustion chamber to fire a projectile
cam track engageable with the cam follower to drive from the gun and comprising,

a the bolt forward and a second spiral cam track engage- 65 a gun barrel.
able with the cam follower to drive the bolt rearward. a combustion chamber at one end of the gun barrel.

26. The invention defined in claim 25 wherein the liquid propellant injection means for injecting a liquid
drive cam means include dwell areas at the front and propellant into the combustion chamber.
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igniter means for igniting the liquid propellant in the ant control valve opens the coolant inlet port for the

combustion chamber, flow of coolant into the combustion chamber.
liquid coolant injection means for injecting a liquid 40. The invention defined in claim 39 including a

coolant into the combustion chamber for internally purge outlet port connected to the cylindrical bore in
cooling the combustion chamber structure after the 5 which the propellant control valve is slidable for per-
firing of each round, and mitting the flow of purge liquid out of the propellant

control means for controlling the timing and amount inlet and purge outlet port after a misfire of the gun.
of liquid coolqnt injected, said liquid coolant means 41. The invention defined in claim 40 including con-
including a liquid coolant passageway and related trol cam mounting means mounting the control cam for
ports integral with the barrel and located to inject 10 rotation about an axis extending parallel to the gun
the liquid coolant into the barrel at the forward end barrel and permitting limited axial movement of the
of the combustion chamber so that the liquid cool- control cam, gear drive means engaged with the control
ant is injected into the hottest part of the barrel at cam for rotating the control cam and misfire detection
a point forward from the rear face of the barrel and means for shifting the control cam axially to disengage
the coolant is sprayed both forward and rearward is the control cam from the gear drive means after a mis-
within the barrel, fire of the gun.

36. The invention defined in claim 35 wherein the 42. The invention defined in claim 41 wherein shifting
liquid coolant is water. of the control cam to disengage the control cam from

....... - 37. A gun of the kind in which liquid propellant is the gear drive means moves the cam follower control
burned in a combustion chamber to fire a projectile 20 rod to shift the coolant inlet control valve and the pro-
from the gun and comprising, pellant control valve to positions in which the coolant

a gun barrel, flows through the coolant inlet port and out the propel-
a combustion chamber at one end of the gun t.-,,rrel, lant inlet port and purge outlet port to thereby fill the
liquid propellant injection means for injecting a liquid combustion chamber with coolant liquid and to purge

propellant into the combustion chamber, 25 the combustion chamber of all propellant.
igniter means for igniting the liquid propellant in the 43. A gun of the kind in which liquid propellant is

combustion chamber, burned in a combustion chamber to fire a projectile
liquid coolant injection means for injecting a liquid from the gun and comprising,

* coolant into the combustion chamber for internally a gun barrel,
cooling the combustion chamber structure after the 30 a combustion chamber at one end of the gun barrel,
firing of each round, and liquid propellant injection means for injecting a liquid

control means for controlling the timing and amount propellant into the combustion chamber,
of the liquid coolant injected and wherein the con- igniter means for igniting the liquid propellant in the
trol means include a rotatable control cam having combustion chamber,
an outer cam surface, a cam follower rod, biasing 35 liquid coolant injection means for injecting a liquid
means maintaining one end of the cam follower rod coolant into the combustion chamber for internally
engaged with the cam surface, said liquid propel- cooling the combustion chamber structure after the
lant injection means include a propellant inlet port firing of each round, and
and a control valve, said liquid coolant injection control means for controlling the timing and amount
means include a coolant inlet port and a control 40 of the liquid coolant injected, and wherein the
valve, and wherein both the propellant control liquid propellant injection means and liquid coolant
valve and the coolant control valve are connected injection means are operatively associated with the
to the cam follower control rod for coordinating control means for positioning the propellant injec-
the propellant and coolant injection functions. tion means and coolant injection means in a first

38. The invention defined in claim 37 wherein the 45 position in which the flow of both liquid propellant
propellant control valve and the liquid coolant control and liquid coolant into and out of the combustion
valve are spool type valves and are mounted for sliding chamber is blocked during firing of the gun, in a
movements within cylindrical bores. second position in which the flow of liquid propel-

39. The invention defined in claim 38 ,herein the lant is permitted into the combustion chamber and
* propellant control spool valve and the coolant control 50 the flow of liquid coolant into the combustion

• spool valve are connected to the control rod in a man- chamber is blocked during propellant injection
ner such that the coolant control valve blocks the flow prior to firing, and a third position in which the
of coolant into the combustion chamber while the pro- flow of liquid propellant into the combustion
pellant control valve opens the propellant inlet port for chamber is blocked while the flow of liquid coolant
flow of liquid propellant into the combustion chamber 55 into the combustion chamber is permitted for cool-
and the propellant control valve blocks the flow of ing and purging of the combustion chamber.
propellant into the combustion chamber when the cool-
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State-of-the-Art Patent
No Study (BDM/M-tpg-0083-81)

Dear Terry:

Thank you for writing February 19, 1981, and enclosing an

*outline disclosure of the BDM proposal for researching liquid

monopropellants, and particularly high energy slurry formats for

gun systems. We have now completed a state-of-the art patent

search, as reported to you by telephone on March 25, 1981, and

enclose our selection of relevent patent literature to assist

* you in developing a library on this subject matter.

In summary, we approached this assignment with an emphasis

upon slurry compositions, but with an eye out for any fluid

propellant teaching for guns, generally. Accordingly, our field

of search necessarily covered areas which apparently were not

pertinent to slurry propellant but might incidentally relate to

gun propellants. To assist future users of this assembly of

&.
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patent teachings, we additionally enclose a computer listing of

all patents within certain selected Classes and Subclasses as

defined by the United States Patent Office classification sys-

tem.

Our field of search comprised Class 60, Subclasses 214,

216, 217, 252; Class 89, Subclass 7; Class 102, Subclass 38CC,

38LP, 202; and Class 149, Subclass 38, 47, 92. Copies of the

Class schedules for each of Classes 60, 89, 102 and 149 are also

enclosed for your reference. For your possible further re-

ference, we enclose a computer printout of all patents which

have been classified within Class 60/217, 252; Class 89/7; Class

102/89, 202 and Class 149/36, 47, 92 and 118. Please note that

with respect to Class 102/38, there is no official listing of

patents within the supersubclasses 38CC, 38LP, hence, that list-

ing has been so noted.

With respect to high energy slurries and gels, the enclosed

patents have been selected primarily due to a suggestion that a

given composition had a known utility with respect to some form

of gun propellant. Should BDM specifically be interested in any

given composition of matter, we would then necessarily focus a

search upon that chemical compound. The enclosed patents com-

prise a survey of teachings for compounds emphasized to have

utility as gun propellants, and state-of-the-art surveys are

primarily useful to allow researchers to avoid re-inventing the
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wheel. We stand ready to perform a detailed patentability study

on a given compound and render a patentability opinion as any

specific candidates arise.

The attached copies have been selected from various loca-

tions within the above-noted field of search and are here listed

chronologically, for your convenience:

RYKER 2,970,899
TURNER 3,175,494

' GOULD 3,254,603
NEWMAN et al. 3,520,137
DEHM et al. 3,676,533
DORSEY et al. 3,749,615
ASHLEY 3,783,737
HENDERSON 3,811,970
QUINLAN et al. 3,847,081
ALLAN 3,857,743
BRIDGEFORTH et al. 3,861,138
BRABETS et al. 3,901,153
FORREST 3,912,560
DUNETZ 3,913,488
ELMORE et al. 3,916,792
TANNENBAUM 3,921,394
COX et al. 3,925,125
TEZUKA 3,956,040
SCHNEIDER et al. 3,969,979
RIDGEWAY 3,980,510
MICKELSON 3,980,552
WOOD 4,004,415
HOLTROP 4,005,632
ASHLEY 4,011,817
BRUNNBERG 4,014,655
GAWLICK et al. 4,014,963
TASSIE 4,023,463
LENEVEU 4,023,996
HOLTROP 4,033,224
ALLAN 4,039,360
BULMAN et al. 4,043,248
GRAHAM 4,050,348
GRAHAM 4,050,349

i I-
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TASSIE 4,050,352
ASHLEY 4,051,762
ELMORE et al. 4,062,266
ASHLEY 4,063,486
ASHLEY 4,069,739
TASSIE et al. 4,085,653
OUTTEN 4,090,895
PETERSEN et al. 4,091,711
BRESLOW 4,094,713
MULLAY 4,097,316 -

SINGELMANN et al. 4,099,445
HOFFMANN 4,100,836
ASHLEY 4,102,269
HERSHKOWITZ et al. 4,110,136
JUNKER 4,123,963
ASHLEY 4,126,078
ASHLEY 4,132,149
FORREST 4,132,574
CAMERON et al. 4,141,766
STEFFANUS et al. 4,148,245
AYLER et al. 4,160,405
GROEN et al. 4,161,904
ELMORE et al. 4,164,889
ELMORE et al.- 4,164,890
PETERSON et al. 4,170,922
AYLER et al. 4,172,408
REED, JR., et al. 4,180,424
FLANAGAN et al. 4,187,781
TASSIE 4,193,335
TASSIE et al. 4,215,620
PIERCE 4,216,039
McLEAN 4,221,616
COOK 4,221,618
ASHLEY 4,231,282
REED, JR., et al. 4,239,073

We trust the enclosed patent copies, copies of the Patent

office class definitions, and also the computer listing of pat-

ents in several selected subclasses, will be of immediate value

to the reference library being assembled by the BDM researchers.

_ . . . , . . . ..U.. . . .. . .. . . .
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K

We stand ready to review the patentability question for specific

candidates, as such are generated.

Best regards.

Sincerely,

Warren E. Olsen

WEO:rmo

Enclosures:

1) Listed Patents
2) Computer printout

U


